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Adolescence is an important developmental epoch, a dynamic period when the challenges of 
maturation from childhood to adulthood can have a substantial influence on both general and 
oral health. Among other things, behavioural factors can affect the state of oral health itself, 
or the ability of an individual to maintain it. There are several oral health–related domains that 
are of particular interest in the adolescent age group, including dental caries, periodontal 
disease, dental fluorosis, dental trauma, dental anxiety and oral hygiene. 
 
In New Zealand, adolescents are eligible for publicly–funded dental care (up until their 18th 
birthday). Following that, individuals have to accept sole responsibility for the cost of their 
dental care. Thus, adolescence is an important period in which to promote and establish good 
oral health; however, there is a relative lack of information in the literature about adolescent 
oral health. As such, the aim of this study was to describe the oral health (and its associations) 




The study’s objectives were: 
 
1. To conduct a secondary analysis of the adolescent-age data from a previous national 
oral health survey; 
 
2. To describe several (pertinent) oral health–related domains in the New Zealand 
adolescent population; and 
 





The New Zealand Ministry of Health conducted a national oral health survey in 2009. Data on 
adolescent oral health were gathered through interviews and dental examinations. The current 
study was a secondary analysis of data on the 354 12- to 17-year-old adolescent participants, 
representing 373,986 adolescents in the population at that time. Several oral health domains 
were investigated, including dental caries, periodontal disease, dental fluorosis, dental trauma, 





The prevalence of dental caries in the 12- to 14-year-old and 15- to 17-year-old age groups 
was 45.2% (33.4, 57.5) and 65.7% (54.5, 75.3), respectively. Their respective mean DMFT 
scores were 1.4 (1.0, 1.9) and 2.5 (1.7, 3.3). The prevalence of gingivitis was 71.6% (60.0, 
80.9); clinical attachment loss ≥4mm was seen in 11.2% (4.5, 25.2) (gingivitis and 
periodontal attachment loss were recorded in the 15- to 17-year-old group only). Dental 
fluorosis was relatively uncommon, with respective prevalence estimates of 17.0% (10.3, 
26.9) and 10.2% (4.8, 20.4), and dental trauma prevalence was 29.2% (19.8, 40.9) and 18.2% 
(10.5, 29.6), respectively. Only a few of the 15- to 17-year-olds were dentally anxious, and 
oral hygiene in the 12- to 14-year-olds was generally fair/good. Various putative risk 




This study gave an insight into the state of adolescent oral health in New Zealand in 2009, by 
describing several (pertinent) oral health–related domains, and identifying several putative 
risk indicators/markers for each domain (and thereby gives some indication of the possible 
associations in the New Zealand adolescent population). More research is needed; however, 
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Adolescence is customarily defined chronologically as the period of life from 10 to 18 years 
of age, although the upper limit can be as high as 21 or 25 (American Psychological 
Association 2002). This is a developmental epoch that represents extensive and important 
changes in terms of growth and development—physically, cognitively, emotionally, socially 
and behaviourally. The changes that take place in adolescence range from sexual maturation 
to changes in physical appearance and changes in how adolescents think, reason and 
understand (American Psychological Association 2002). This period of change may be 
accompanied by particular challenges in terms of an adolescent’s oral health, such as greater 
aesthetic awareness and desire, a propensity for poor nutritional habits1, active lifestyles 
involving school–based and extra-mural activities, and greater emphasis on individual 
autonomy (the latter represented partly by the notion of health locus of control2). 
Consequently, an adolescent may be at greater risk of dental caries, periodontal disease, 
dental trauma and dental anxiety1. 
 
The adolescent population of New Zealand (10 to 18 years old) comprised approximately 
530,000 individuals in 20133. New Zealand is one of a few countries that provide publicly–
funded dental care for all adolescents. This takes the form of service agreements with local 
district health boards, which are funded by the New Zealand Ministry of Health as part of the 
Adolescent Oral Health Scheme (AOHS). Adolescents aged from Year 9 (usually 12 or 13 
years old) until their 18th birthday (in other words 12 to 17 years old) may enrol to receive 
publicly–funded dental care. However, a recent study revealed that around 80% of 
adolescents utilise the service, and that there are differences in service utilisation, with less by 
Māori and Pacific adolescents, and also less by older adolescents (16- to 17-year-olds) 
                                                
1 American Academy of Pediatric Dentistry (2015). Guideline on adolescent oral health care. AAPD Reference 
Manual. Accessed at: http://www.aapd.org/media/Policies_Guidelines/G_Adoleshealth.pdf on 27 May 2017. 
2 The perceived control of personal health and well-being and how that is causally related to an individual’s 
behaviour (Macgregor et al. 1997). 
3 Statistics New Zealand (2017). NZ.Stat - Get data on demand. Accessed at: 
http://nzdotstat.stats.govt.nz/wbos/Index.aspx?DataSetCode=TABLECODE8011# on 28 March 2017. 
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(Borsting et al. 2015). When investigating dental caries experience, Broadbent et al. (2008) 
found that caries experience trajectories are established early in life and continue at a 
relatively constant rate into adulthood. As such, caries experience during adolescence may 
predict the subsequent experience in early adulthood, when young adults in New Zealand are 
suddenly expected to accept sole financial responsibility for their current and future oral 
health. Moreover, according to their Strategic Directions for Improving the Health and 
Development of Children and Adolescents (WHO 2003), the World Health Organization 
(WHO) defined an ideal outcome of adolescence as having adolescents be “free from illness”, 
“able to adopt healthy behaviours” and “prepared to enter adulthood”. It is therefore evident 
that adolescent4 oral health in New Zealand is a topic that is important at individual, 
community and political levels, where better understanding of its status could be beneficial to 
both individual and public health. 
 
 
1.2 Rationale for the study 
There is an abundance of research that has investigated oral health and related diseases and 
disorders in adults and children (less than 12 years old), but there is a paucity of information 
on adolescent oral health. This is evident in most parts of the developed world. In New 
Zealand, there is a general lack of knowledge about this important developmental epoch in 
which the permanent dentition becomes established. 
 
New Zealand’s most recent national oral health survey was conducted in 2009, and 
investigated (among other things) the occurrence and possible risk and protective factors of 
several oral conditions. Subsequently, the Ministry of Health published a report on the key 
findings from the survey (Ministry of Health 2010a). The Ministry gave a broad overview of 
the oral health of a wide age range of the New Zealand population; however, the adolescent 
age range was not analysed/described in-depth, and the Ministry encouraged further 
exploration of the survey data by future researchers. As such, a secondary analysis (and 
deeper exploration) of the survey dataset had the potential to reveal more about New Zealand 
adolescent oral health, especially given that the knowledge about the latter is limited. 
                                                
4 Defined as 12 to 17 years old in the current study, based on the eligibility for publicly–funded dental care 
(through the AOHS) during adolescence in New Zealand. 
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1.3 Aims and objectives 
The study’s aims and objectives were: 
 
1. To conduct a secondary (and deeper) analysis of the adolescent-age data collected in 
the 2009 New Zealand Oral Health Survey (NZOHS); 
 
2. To describe several (pertinent) oral health–related domains in the New Zealand 
adolescent population; and 
 
3. To identify putative risk indicators/markers for each of the domains of interest. 
 
 
1.4 Research questions 
The study’s research questions were: 
 
1. What was the occurrence of each of the domains of interest in the New Zealand 
adolescent population in 2009; and 
 
2. What were the putative risk indicators/markers for each of the domains of interest in 
the New Zealand adolescent population in 2009? 
 
 
1.5 Thesis outline 
This thesis consists of six chapters. The introduction is followed by a review of the literature 
on adolescent oral health (pertaining to several pertinent domains of interest). A description of 
the study’s methodology follows in Chapter Three. The fourth chapter describes the study’s 
results. Subsequently, Chapter Five contains a discussion of the study’s methodological 
issues, findings and the implications of the latter for future research. Finally, Chapter Six 








There are several different adolescent oral health domains that are of particular interest. These 
are dental caries, periodontal disease, enamel defects (particularly dental fluorosis), dental 
trauma, dental anxiety and oral hygiene. Most of these distinct domains have been shown to 
influence oral health–related quality of life (OHRQoL) (Do and Spencer 2007; Foster Page et 
al. 2013; Krisdapong et al. 2012; Luoto et al. 2009; Porritt et al. 2011). 
 
Oral health is thought to be influenced by more than just direct factors, and so, Fisher-Owens 
et al. (2007) devised a multilevel conceptual model on the influences on children’s oral 
health. The model describes individual-level influences, family-level influences and 
community-level influences; all of which need to be considered when thinking about the 
possible associations with each of the oral health domains of interest. To simplify such 
thinking (and to ensure consideration of only biologically or socially plausible associations), 
directed acyclic graphs (DAGs) can be used. These depict (nonparametric) causal relations, 
and can assist with identifying potential confounders, mediators, colliders and simultaneous 
mediator and confounder variables (Akinkugbe et al. 2016). These authors have given a good 
description of the use of DAGs in oral health research. 
 
This chapter reviews the literature on adolescent oral health, focusing on each of the 
mentioned domains, by way of their pathogenesis, measurement, occurrence, putative risk 
indicators/markers and impact. 
 
 
2.2 Dental caries 
2.2.1 Definition and pathogenesis  
Dental caries has been defined as the consequences of interaction between metabolic events 
occurring in the dental biofilm (plaque) and the tooth surface it covers, leading to localised 
chemical dissolution and associated destruction of enamel, dentine or cementum (Fejerskov et 
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al. 2008a). Unless the biofilm is modified, removed or the tooth restored, dental caries may 
progress to the dental pulp, with ultimate destruction of the tooth (Fejerskov et al. 2008b). 
Moreover, dental caries is a dynamic process consisting of an interplay between the biofilm, 
tooth and the diet (Keyes 1960). There is more recent appreciation that several other factors 
beyond the conventional triad are at play. These include individual-level influences (such as 
development, biologic and genetic endowment, and health behaviours and practices), family-
level influences (such as socioeconomic status (SES), culture and health status of parents) and 





Studying the epidemiology of dental caries is reliant on being able to validly and reliably 
measure caries experience as well as prevalence. Caries experience is commonly measured 
using the DMFT index, which consists of a count of the decayed, missing and/or filled teeth 
in an individual’s mouth (Dean et al. 1942). This index has subsequently evolved to score the 
primary dentition as well (designated dmft), with a maximum possible DMFT score of 32 and 
dmft score of 20; with scores for individuals as integers and summary data for groups 
presented to one decimal place (Burt et al. 2008). The index also scores tooth surfaces—
designated DMFS, with a possible score ranging from 0 to 148. Accordingly, a case with 
dental caries has a DMFT>0 and the prevalence is defined as the proportion of cases in a 
given population at a particular point in time. The DMF index has several advantages (such as 
versatility, simplicity, reliability with trained examiners and can be statistically analysed), but 
also a disadvantage in that it does not include tooth loss for reasons other than caries (Burt et 
al. 2008). Furthermore, in the DMF index, caries severity is expressed as a mean, which might 




There have been several studies that have investigated the epidemiology of dental caries in 
New Zealand adolescents, as well as in populations overseas. Some of the findings are 
generalisable (based on national data—nationally representative and can be compared 





































































































































































































































































































































































































































































































































































































































   
   









































   
   







































   
   


















































   
   


























































   
   




























































   
   




   
   


















































   
   











































   
   

















































































































































































































































































   































































   




   
















































   









































   










































   



















































   












































   


































According to the generalisable findings (Table 2.1), the prevalence estimates for dental caries 
in adolescent populations ranged from 30 to 77%. The greatest difference in prevalence is 
evident between the Brazilian estimate of 70% (Antunes et al. 2006) and the German estimate 
of 30% (Schiffner et al. 2009) in 12-year-olds. The former sample size was approximately 25 
times larger than the latter, which may indicate a more accurate estimate from the former 
sample. Among the prevalence estimates for 12-year-olds from the other countries, the range 
is approximately 54 to 63%, closer to the Brazilian estimate.  
 
According to data from several New Zealand studies (Table 2.2), the prevalence of dental 
caries in adolescent samples has ranged from 44 to 98%. The outlying prevalence of 98% was 
found in the study with the smallest sample size (Wright 1984), which may have been a less 
precise estimate. The prevalence found in a larger sample in the same city approximately 
three years later (Kruger et al. 1998) was almost 15% lower, though this may also have been a 
temporal decline in the prevalence of dental caries. Nearly all of the samples from the New 
Zealand studies were limited in their generalisability, due to being restricted to specific 
cities/towns/regions. 
 
According to the non-generalisable findings from adolescent samples overseas (Table 2.3), 
the proportion with dental caries in those samples ranged from 24 to 98%. It is difficult to 
compare the New Zealand findings with those from overseas, if attempting to have similarity 
in terms of sample size, sample age and the years in which the studies were conducted. 
Disregarding differences in the measurement index used, Sweden had a greater prevalence 
(65%) (Flinck et al. 1999) than New Zealand (55%) (Lee and Dennison 2004), whereas 
Australia had a lower prevalence (44%) (Skinner et al. 2014) than New Zealand (68 to 79%) 
(Foster Page and Thomson 2011)—although the Australian study had a larger sample size. It 
is unclear whether the differences indicate a generally greater or lower prevalence of dental 
caries in New Zealand adolescents than in the other countries. 
 
The estimates of severity of dental caries (mean DMFT) in adolescents ranged from 0.7 to 2.5 
(generalisable findings) and 0.5 to 7.6 (non-generalisable findings). In New Zealand, the 
severity ranged from 2.4 to 3.7 (mean DMFT) and 1.4 to 6.0 (mean DMFS). Comparison of 
the samples is difficult due to differences in the years in which the studies were conducted, 
and also because some of the New Zealand studies used only the DMFS index (none of the 
overseas studies used only the DMFS index). According to the closest match for the years the 
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studies were conducted in and sample age, it is evident that the severity of caries in 12- to 13-
year-olds was greater in New Zealand (3.7) (Gowda et al. 2009) than in Thailand (1.6) 
(Krisdapong et al. 2012), which was greater than in Germany (0.7) (Schiffner et al. 2009). In 
15-year-olds, the severity of caries was greater in Bosnia and Herzegovina (7.6) (Markovic et 
al. 2013) than in the UAE (2.5) (El-Nadeef et al. 2009), which was greater than in Iran (2.1) 
(Yazdani et al. 2008), and it was the lowest in Germany (1.8) (Schiffner et al. 2009). 
 
Foster Page and Thomson (2011) conducted a prospective cohort study and found that both 
the prevalence and severity of dental caries in their sample had increased at follow-up. 
However, there was a loss to follow-up of 41%, which may have biased their results. The 
most recent study in New Zealand was published in 2009 (Gowda et al. 2009), and like all of 
the New Zealand studies, the findings are non-generalisable. This lack of more recent and 
nationally representative data highlights the need for high–quality research into the 
prevalence and severity of dental caries in New Zealand adolescents. However, a national oral 
health survey was conducted in New Zealand in 2009, and its data forms the basis for the 
current study. 
 
2.2.4 Putative risk factors/markers 
There are several putative risk factors/markers for dental caries, including sex, ethnicity, SES, 
residential area, oral hygiene factors, exposure to fluoride and dental anxiety (Burt et al. 2008; 
Drummond et al. 2015; Flinck et al. 1999; Kruger et al. 1998; Polk et al. 2010). 
 
Sex has been found to be a risk marker for caries, whereby several studies have found greater 
caries experience in female than male adolescents (Antunes et al. 2006; El-Nadeef et al. 2009; 
Schiffner et al. 2009). Conversely, Foster Page and Thomson (2011) found that the male 
participants in their sample in New Zealand had greater caries experience. It is unclear as to 
which sex has greater caries experience; however, the evidence indicates that sex is likely to 
be a possible risk marker for dental caries. 
 
Several studies have found an association between caries experience and ethnicity. In New 
Zealand, Foster Page and Thomson (2011) found greater caries experience in Māori than non-
Māori adolescents, with similar findings by other authors (Gowda et al. 2009; Thomson and 
Mackay 2004), as well as greater caries experience in both the Māori and Pacific ethnic 
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groups (Lee and Dennison 2004). Booth and Ashley (1989) investigated caries experience in 
adolescents in the United Kingdom, and, as in New Zealand, found that caries experience 
differed by ethnicity (European vs. Asian vs. Afro-Caribbean). All of the participants in that 
sample resided in an urban area, but the differences in caries experience by ethnicity were still 
evident. Burt et al. (2008) acknowledged that a dental caries/ethnicity association may exist, 
but argued that it is more likely that inequalities in terms of healthcare access, education and 
income, as well as differences in cultural beliefs and behaviour, are the likely reasons for 
differences in caries susceptibility. To date, this issue remains unresolved. 
 
It has been consistently reported that lower SES was associated with greater caries experience 
in adolescents (Gowda et al. 2009; Lee and Dennison 2004; Polk et al. 2010; Skinner et al. 
2014; Thomson and Mackay 2004; Treasure and Dever 1994; Whelton et al. 2004), even 
when using different measures of SES (such as level of deprivation and parental occupation). 
In contrast, based on Vietnamese national survey data, higher SES was found to be associated 
with greater caries experience (Roberts-Thomson et al. 2010), which may also indicate that 
how SES influences dental caries experience is contingent on differences in cultural and 
societal structures. 
 
Some authors have investigated the differences in adolescents’ caries experience by 
geographic residential area. Greater caries experience was found in samples of adolescents 
who resided in rural areas of Malaysia and Vietnam (Do et al. 2011; Esa et al. 2014), whereas 
greater caries experience was found in urban adolescents in a Swedish sample (Flinck et al. 
1999). There are several possible differences in influential factors when comparing a rural 
setting to an urban setting (such as SES differences, access to oral health services and oral 
hygiene aids/products), but these findings highlight that a broader influence may also be 
acting on caries experience. 
 
Poor oral hygiene5 is a putative risk factor for dental caries, whereby caries prevalence has 
been found to be associated with oral hygiene levels (oral hygiene index scores) in 
adolescents (Aleksejuniene et al. 1996), and oral hygiene during adolescence may also 
indicate the future trajectory thereof and the likelihood of caries in adulthood (Broadbent et 
al. 2011). Other authors have also investigated both oral hygiene and dental caries in 
                                                




adolescents (El-Qaderi and Quteish Ta'ani 2006; Payette and Brodeur 1992; Sogi and Bhaskar 
2001), but did not assess (or report) whether there were any associations between oral hygiene 
as an influential factor and caries as an outcome. More authors have, however, investigated 
whether there is an association between the frequency of oral hygiene practices and caries. 
 
The frequency of oral hygiene practices such as toothbrushing is a putative risk factor for 
dental caries, whereby greater caries experience was found in adolescents who brushed their 
teeth less than twice per day (Flinck et al. 1999; Skinner et al. 2014). In an ecological study 
involving several countries (but included 11-year-olds as well), Zaborskis et al. (2010) also 
found an association with toothbrushing—greater toothbrushing frequency was associated 
with lower caries experience. However, toothbrushing frequency may have been confounded 
by a common toothbrushing adjunct, the use of fluoride toothpaste, which has been shown to 
be associated with lower caries experience (Polk et al. 2010). 
 
It is widely believed that fluoride has been one of the main factors involved in the general 
decline in caries prevalence over the past several decades (Bratthall et al. 1996; Royal Society 
of New Zealand 2014). By comparing the caries experience in adolescents from fluoridated 
areas and non-fluoridated areas (and taking into consideration the duration of residence in a 
fluoridated area), it was found that adolescents exposed to fluoridated drinking water had 
lower caries experience than those who were not exposed (Lee and Dennison 2004; Skinner et 
al. 2014; Thomson and Mackay 2004; Treasure and Dever 1994). Similarly, Whelton et al. 
(2004) compared the caries experience in adolescents who resided in fluoridated and non-
fluoridated areas in the Republic of Ireland, and found significantly lower caries experience in 
the fluoridated area. This indicates that fluoride may be one of the chief influential factors in 
terms of caries experience, and that a lack of exposure to fluoride (from fluoride toothpaste or 
fluoridated drinking water) may represent a greater risk for dental caries. 
 
Dental anxiety has also been shown to be a putative risk factor for dental caries. Kruger et al. 
(1998) found that caries prevalence was significantly higher in New Zealand adolescents 
diagnosed as dentally anxious than those not dentally anxious. In their Malaysian adolescent 
sample, Esa et al. (2014) found a weak (but statistically significant) correlation between 
dental anxiety and caries experience. This may be explained by the ‘vicious cycle 
mechanism’, whereby dental anxiety may lead to the avoidance of dental care/treatment and 
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therefore the lack/delaying of necessary treatment (Crego et al. 2014), which may enable 
caries progression and thereby greater caries experience. 
 
2.2.5 Impact 
Dental caries has been found to have a measurable impact on OHRQoL. Biazevic et al. (2008) 
investigated a sample of 247 15- to 17-year-old adolescents, and found a positive and 
significant correlation between the D (decayed) component of the DMFT measurements and 
the highest item of the Oral Health Impact Profile6. This indicated that dental caries had a 
high impact on OHRQoL. In terms of the type of impact, dental caries has been found to 
negatively affect OHRQoL, whereby adolescents reported that untreated caries had a negative 
impact on eating, emotion, study and relaxation (Krisdapong et al. 2012). In the latter study, 
adolescents with two or more carious teeth were almost two times more likely to report oral 
impacts than adolescents without carious teeth. Furthermore, caries experience has also been 
found to negatively affect the perception of oral health in children and adolescents (Do and 
Spencer 2007). Thus, dental caries not only impacts adolescent OHRQoL through the 
experience of symptoms and functional limitations, but it also impacts on how adolescents 
perceive themselves; that is, both their physical and psychological well-being. This highlights 
that dental caries is an important disease in adolescents, with the potential to negatively 
impact their quality of life. 
 
2.2.6 Summary 
Dental caries is a multifactorial disease; it involves an interplay among dental plaque, diet and 
tooth surface, as well as other individual-level, family-level and community-level influences. 
The occurrence of dental caries is commonly measured with the DMFT and DMFS indices, 
which may facilitate estimation of the prevalence and severity of the disease in populations. 
The prevalence estimates for dental caries in adolescent populations have ranged from 30 to 
77%, with the severity having ranged from 0.7 to 2.5 (mean DMFT) (generalisable findings). 
There are several putative risk factors/markers for dental caries, such as sex, ethnicity, SES, 
residential area, oral hygiene factors, fluoride exposure and dental anxiety. Dental caries may 
have a negative impact on adolescent physical and psychological well-being. Accordingly, an 
                                                
6 A measurement instrument for OHRQoL, which assesses “the social impact of oral disorders” (Slade and 
Spencer 1994 p. 3). 
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investigation into adolescent oral health with a focus on dental caries may have merit, 




2.3 Periodontal disease 
2.3.1 Definition and pathogenesis 
Periodontal disease has been defined as the “pathologic processes affecting the periodontium; 
most often gingivitis7 and periodontitis8” (American Academy of Periodontology 2001, p. 
39). Several classifications of periodontal disease exist, with the most recent distinctions 
based on clinical history and presentation, as opposed to the previous emphasis on age of 
onset, affected site distribution and response to therapy (Oh et al. 2002). These recent 
classifications include gingival diseases, chronic periodontitis, aggressive periodontitis, 
periodontitis as a manifestation of systemic diseases, necrotizing periodontal diseases, 
abscesses of the periodontium, periodontic–endodontic lesions and developmental or acquired 
deformities and conditions (Armitage 1999). 
 
Several of these classifications are particularly pertinent to the adolescent age group. Gingival 
diseases (previously classified as chronic gingivitis) include plaque–induced gingivitis and 
gingivitis/overgrowth that is drug–induced or due to steroid hormones (such as sex hormones 
during puberty). Oh et al. (2002) provided a good description of the presentation of gingival 
diseases and the link between gingivitis and periodontitis. The presentation may range from 
inflammation of marginal gingivae (swelling, redness, bleeding on probing) without 
connective tissue or bone loss, to gingival hyperplasia with enlarged interdental papillae and 
greater probing depths. It is important to note that gingivitis does not necessarily always lead 
to periodontitis, but periodontitis is always preceded by gingivitis. Aggressive periodontitis 
(previously classified as early onset periodontitis) was distinguished as either a pre-pubertal 
form (primary and/or mixed dentition) or juvenile form (permanent dentition) in the past. 
These conditions may present as either localised or generalised severe periodontal 
                                                
7 Gingival inflammation (American Academy of Periodontology 2001). 
8 Extension of inflammation of the gingiva into the supporting tissues of the teeth (bone and periodontal 
ligament), a progressively destructive process (American Academy of Periodontology 2001). 
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inflammation, accompanied by rapid bone loss and tooth mobility/loss. The juvenile form is 
influenced by bacterial plaque only, whereas the pre-pubertal form is related to bacterial 
plaque and/or one of a number of systemic diseases (such as diabetes, leukaemia, AIDS or 
leukocyte adhesion deficiency) (Oh et al. 2002). It is generally reported that periodontal 
disease is less common in children/adolescents than adults (Califano 2003), with gingivitis 
being the most common form in adolescents (Kinane 2001; Oh et al. 2002). 
 
2.3.2 Measurement 
The presence and extent/severity of periodontal disease can be investigated using a number of 
measures/indices. These take into account the clinical signs that accompany the disease 
process, such as bleeding on probing and the presence and extent of periodontal pocketing 
(loss of connective tissue and bone).  
 
A commonly used index is the Community Periodontal Index (CPI), which classifies the 
findings of periodontal probing. The codes used are: 0 (healthy), 1 (bleeding observed), 2 
(calculus detected during probing), 3 (pocket depth of 4 to 5mm) and 4 (pocket depth ≥6mm) 
(measured from the gingival margin to the depth of the pocket) (WHO 1997). As such, code 1 
indicates gingivitis, whereas codes 3 to 4 indicate periodontitis. The WHO guidelines also 
specify that only bleeding and calculus be considered in individuals younger than 15 years 
old, and multiple sites around six index teeth (16, 11, 26, 36, 31, 46) be measured for those 15 
to 20 years old, the highest score per index tooth recorded (WHO 1997). 
 
Alternatively, some epidemiological investigations assess the amount of periodontal disease 
by measuring the presence of bleeding on probing (gingivitis) and the degree of attachment 
loss9 (gingival recession + pocket depth, measured at three or six sites per tooth). Gingival 
recession is defined as the “location of the gingival margin apical to the cemento-enamel 
junction10” (American Academy of Periodontology 2001 p. 44). Where present, it is measured 
in millimetres with a periodontal probe. The pocket depth is measured with a periodontal 
probe placed subgingivally until resistance is felt, and the depth of the pocket is recorded as 
the reading at the gingival margin. The extent of periodontal disease is defined as the number 
                                                
9 Referred to as clinical attachment loss (CAL). 
10 Cemento-enamel junction (CEJ). 
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of sites with attachment loss, and the severity of periodontal disease as the mean attachment 
loss (Paidi et al. 1999). 
 
To measure the prevalence of periodontal disease, it is necessary to define a particular case 
definition in any instance, which may be defined as a particular CPI code, or the presence 
(such as bleeding on probing), extent or severity of periodontal disease. By definition, the 
prevalence will be the proportion of the population who are cases at a particular point in time. 




Unlike the case of dental caries, there have been far fewer studies investigating the 
epidemiology of periodontal disease in adolescents (Tables 2.4 to 2.6). Furthermore, the 



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   
   
   
   
   
   
   


















According to the generalisable findings from overseas (Table 2.4), the prevalence of 
periodontal disease in adolescents 12 to 15 years old ranged from 0.2 to 82.0%. However, the 
definition of periodontal disease needs to be clarified. The prevalence of gingivitis is reported 
to have ranged from 15 to 82% and the prevalence of periodontitis (CPI code ≥3) ranged from 
0.2 to 13.4%. Only one New Zealand study (Table 2.5) investigated periodontal disease in 
adolescents (12 years old), and found a gingivitis prevalence of 21%, and none of the sample 
had periodontitis (CPI code ≥3). If defined broadly as periodontal disease (CPI code >0, 
bleeding at least), the non-generalisable findings (Table 2.6) showed a prevalence in 12- to 
17-year-olds ranging from 40 to 95%. Specifically, the prevalence of gingivitis ranged from 
40 to 100%, whereas the prevalence of periodontitis (pocketing at least) ranged from 3 to 
62%. As such, the prevalence of gingivitis was greater than that of periodontitis in 
adolescents.  
 
It is difficult to compare periodontal disease prevalence in the samples investigated, because 
different definitions for periodontal disease were used. By comparing gingivitis (in samples 
including similar ages), the prevalence was greater in 12-year-olds in Thailand than Hong 
Kong, and greater in 15-year-olds in Brazil than in the UAE. None of the reported studies 
measured periodontal disease as CAL, which precludes the calculation of extent and/or 
severity. This highlights the need for more research into the occurrence of periodontal disease 
in adolescents (especially in New Zealand, where there is a dearth of published findings in 
terms of adolescent periodontal disease). 
 
2.3.4 Putative risk factors/markers 
There are several putative risk factors/markers for periodontal disease, including smoking, 
diabetes (types I and II), ethnicity/race, genetics (inheritance), male sex, SES (such as low 
SES and/or educational level), acquired systemic infections (such as HIV) and severe 
malnutrition (Clerehugh et al. 2009). Not all factors can be investigated at an epidemiologic 
level, and only sex, ethnicity, SES, and oral hygiene factors have commonly been investigated 
in adolescent samples.  
 
Hansen et al. (1995) found a tendency for greater bone loss in males in their sample of 7539 
adolescents from 16 different countries. However, this study was retrospective and defined 
periodontal disease as horizontal or vertical bone loss as evident on radiographs only (no 
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clinical examinations were undertaken), and so the strength of this evidence should be 
questioned. None of the other reviewed studies found any sex difference in periodontal 
disease prevalence in adolescents.  
 
Booth and Ashley (1989) found that the prevalence of periodontal disease differed by 
ethnicity (European vs. Asian vs. Afro-Caribbean); however, their sample of 472 urban–only 
adolescents (possibly more ethnically diverse than in a rural setting) limits the generalisability 
of their findings, and none of the other studies found a significant association with ethnicity.  
 
Several of the reviewed studies assessed SES as part of their investigations, but none of them 
found an association between SES and periodontal disease in adolescents. Again, only a 
minority of the studies produced generalisable findings, but none of those found any 
significant association between a particular exposure factor and periodontal disease in 
adolescents. 
 
As noted for dental caries, poor oral hygiene during adolescence is a putative risk factor for 
periodontal disease in adulthood, whereby it was found to predict the subsequent oral hygiene 
trajectory and the likelihood of periodontal disease in adulthood (Broadbent et al. 2011). 
Some studies have investigated both oral hygiene and periodontal disease in adolescents 
(Addy et al. 1994; El-Qaderi and Quteish Ta'ani 2006; Vadiakas et al. 2012; Yunus et al. 
1987), but did not assess (or report) whether there were any associations between oral hygiene 
(oral hygiene scores/levels) as an influential factor and periodontal disease as an outcome. 
Vadiakas et al. (2012) did however assess toothbrushing frequency as an influential factor, 
and found greater odds of higher CPI scores if Greek adolescents brushed less than once per 
day. Thus, toothbrushing frequency is also a putative risk factor for periodontal disease. 
 
2.3.5 Impact 
Periodontal disease has been shown to negatively affect OHRQoL (Bernabe and Marcenes 
2010; Lawrence et al. 2008; Lopez and Baelum 2007); however, only one of these studies 
focused specifically on adolescents. Lopez and Baelum (2007) assessed the impact of 
attachment loss of ≥3mm on OHRQoL in their sample of 9155 Chilean adolescents, and 
found an odds ratio of 2.0. This implies that the odds of an adolescent in their sample 
reporting a higher impact on OHRQoL was two times greater in an individual with ≥3mm of 
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attachment loss than in an individual without such attachment loss. The sample in this study 
was limited to adolescents attending high schools in one particular province of Chile, and so 
the findings may not be widely generalisable. Nonetheless, these findings indicate that 
periodontal disease may have a measurable impact on adolescent OHRQoL, and highlight the 
importance of periodontal disease as a domain of interest when investigating adolescent oral 
health.    
 
2.3.6 Summary 
Periodontal disease can be defined according to a range of classifications, namely gingivitis, 
which may progress to, but always precedes periodontitis. The presence of periodontal disease 
is often measured with the CPI, although the presence of bleeding on probing and extent of 
attachment loss may also be used as objective measures. It is important to have a clear 
definition of periodontal disease before measurement. Only a few studies have investigated 
the prevalence of periodontal disease in adolescents, and the generalisable findings indicate a 
prevalence of 0.2 to 82.0%. It is acknowledged that there are several putative risk factors for 
periodontal disease, but very few of these have been found to have significant associations in 
adolescents (according to generalisable evidence). There is some (weak) indication that 
periodontal disease may have a negative impact on adolescent OHRQoL. This, as well as the 
dearth of evidence in this age group, highlights the need for further research into periodontal 
disease in adolescents, particularly in the New Zealand population. 
  
 
2.4 Enamel defects (with a focus on dental fluorosis) 
2.4.1 Definition and pathogenesis 
Enamel defects are manifestations of disturbances in enamel development, which present 
clinically as differences in its appearance and/or surface integrity. There are several distinct 
clinical presentations, collectively referred to as developmental defects of enamel (DDE). 
DDE can be either a quantitative defect (hypoplasia) or a qualitative defect 
(hypomineralisation) (Anthonappa and King 2015), or occasionally a combination thereof. 
The normal formation of enamel occurs during the process called amelogenesis, whereby 
ameloblasts differentiate from the cells of the inner-enamel epithelium, adjacent to the dental 
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papilla (Bath-Balogh et al. 1997). During the apposition stage of odontogenesis, ameloblasts 
secrete an enamel matrix, which is subsequently mineralised during the maturation stage. If 
there is interference with ameloblast metabolism during either of these stages, then DDE may 
occur. Suckling (1989) provided a clear description of the types of DDE and the differences 
among them. Hypoplastic enamel defects result from disruption to the normal formation of 
the enamel matrix. This results in deficient enamel thickness that may present as generalised 
pitting, grooves or larger areas of absent enamel. Hypomineralisation defects are due to 
deficient mineralisation of the enamel matrix, which leads to enamel of normal thickness with 
qualitative changes such as opacities11. Enamel opacities can be described as either 
demarcated or diffuse. Demarcated opacities have a distinct boundary from the surrounding 
normal enamel (and may be white, cream, yellow or brown in colour). Diffuse opacities have 
no clear boundary from the surrounding enamel and may have a linear, patchy or continuous 
distribution. 
 
DDE may result from local, systemic or environmental factors, but it is generally believed 
that DDE have a multifactorial aetiology, which differs according to the type of defect being 
considered (Anthonappa and King 2015). Local factors include trauma to or chronic 
periapical infection in the predecessor primary tooth (Broadbent et al. 2005), and iatrogenic 
damage (such as surgery) (Kleine-Hakala et al. 2007). Systemic factors include disturbances 
occurring peri- or post-natally, such as traumatic delivery and infections (Suckling and Pearce 
1984). Environmental factors may affect dental development if exposure (such as ingestion) 
occurs during odontogenesis, with a frequently reported agent being fluoride (Pendrys and 
Stamm 1990). 
 
Fluoride deserves special mention because excessive levels of fluoride during odontogenesis 
may result in dental fluorosis12 (Dean 1934). The term ‘excessive’ is somewhat arbitrary in 
that fluorosis may occur at low fluoride levels in water (<1ppm) and also at higher levels 
(>3ppm); accordingly, Cutress and Suckling (1990) defined dental fluorosis simply as DDE 
produced by fluoride. These DDE present as diffuse opacities, with a symmetrical distribution 
that affects two or more homologous pairs of teeth. The appearance may range from thin 
white lines to completely chalky white enamel, with varying degrees of porosity that may 
                                                
11 Variations in enamel translucency. 
12 A specific form of enamel hypomineralisation. 
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accumulate stain and/or breakdown following tooth eruption (Fejerskov et al. 1990). An 
important diagnostic distinction is that fluorosis is related to a history of exposure to fluoride. 
This often includes exposure to fluoride in fluoridated water supplies, toothpastes and/or 
supplements (Mascarenhas 2000). The occurrence of fluorosis has been the focus of much 
investigation, leading to the development of specific indices for its measurement, as well as 
other indices that measure DDE without attributing causation to any specific agent. 
 
2.4.2 Measurement 
There are several indices for measuring enamel defects, each falling into one of two 
categories: specific fluorosis indices and descriptive indices (Clarkson 1989). 
 
The specific fluorosis indices include Dean’s Index (Dean et al. 1942), the Thylstrup and 
Fejerskov Index (TF) (Thylstrup and Fejerskov 1978) and the Tooth Surface Index of 
Fluorosis (TSIF) (Horowitz et al. 1984), with Dean’s Index being the most commonly used. 
 
Dean’s Index consists of six categories (Table 2.7). Upon examination, the two most affected 
teeth are classified, with the less involved tooth scored if both teeth are not equally affected 
(Clarkson 1989). The magnitude of the score (ranging from 0 to 5) indicates the severity and 
extent of fluorosis. To calculate prevalence, a case needs to be defined in the first instance 
(such as a particular score, or more or less than a particular score), and the prevalence is the 
proportion of cases in a particular population at a particular point in time. The TF Index links 
histological changes to macroscopic changes, with grades from 0 (normal) to 1 (narrow white 
lines) and up to 9 (extent of enamel loss changes the anatomical appearance of the tooth), and 
has been claimed to be more sensitive at detecting severe changes (Thylstrup and Fejerskov 
1978). The TSIF segregates scoring of anterior and posterior teeth, as well as distinguishing 




Table 2.7 Dean’s Index for dental fluorosis (adapted from Horowitz 1986) 
Classification Criteria 
Normal (0) [0] Translucent enamel; smooth, glossy and a pale, creamy white colour. 
Questionable (0.5) [1] Slight aberrations from normal translucency; white flecks to 
occasional white spots. 
Very mild (1) [2] Small, opaque, paper white areas; irregular distribution covering 
<25% of the tooth surface. 
Mild (2) [3] More extensive white opaque areas; <50% of the tooth surface. 
Moderate (3) [4] All enamel surfaces affected; wear and brown stain may be evident. 
Severe (4) [5] All enamel surfaces affected with discrete or confluent pitting; 
widespread brown staining giving a corroded-like appearance. 
(Dean’s original index code) [Modified index code (WHO 1997)] 
 
 
The descriptive indices include the Developmental Defects of Enamel Index (DDE Index) 
(FDI 1982) and the Index of Al-Alousi et al. (Al-Alousi et al. 1975), with the DDE Index 
being the most commonly used.  
 
The DDE Index is a comprehensive index, including information on enamel defect location, 
treatment needs, dental and medical history, as well as aetiology (Clarkson 1989). The DDE 
Index was the first to distinguish between demarcated opacities, diffuse opacities and 
hypoplasia, with codes for severity including: 0 (normal), 1 (demarcated opacity), 2 (diffuse 
opacity), 3 (hypoplasia), 4 (other defects), 5 (demarcated and diffuse), 6 (diffuse and 
hypoplasia), 7 (demarcated and hypoplasia), 8 (all three conditions), 9 (not recorded) (FDI 
1982). This index also scores the extent (0 to 3), depending on whether none or more than 2/3 
of the tooth surface is affected (increasing in 1/3 increments per code). Defect prevalence is 
calculated by first defining a case (particular code, or more or less than a particular code), and 
the prevalence is the proportion of cases in a population at a particular point in time. The 
preceding Al-Alousi Index and other less–mentioned descriptive indices were also based 
solely on the clinical appearance of enamel defects (unlike the fluorosis indices that were also 
based on presumed aetiology); their inherent weaknesses led to the development of the DDE 




The reported prevalence of DDE in adolescents around the world ranges from 27 to 93%; the 
width of the range being due to differences in classification criteria, terminologies used 
(Anthonappa and King 2015) and perhaps the influence of differences in sampling. As 
mentioned, DDE have a multifactorial aetiology, and, based on reported evidence, they are 
equally prevalent in both males and females (Anthonappa and King 2015). In terms of the 
types of DDE, it appears that previous research has focused mainly on the occurrence of 
fluorosis, presumably due to it having a known, specific aetiology. 
 
According to the generalisable findings (Table 2.8), the prevalence of fluorosis in adolescents 
(12 to 19 years old) has ranged from 10 to 41%. All of these studies used Dean’s Index, but it 
is important to note that most excluded the ‘questionable’ classification. Where ‘questionable’ 
was included, the prevalence without that classification was calculated from the prevalences 
given for each classification and the sample size. It is evident that the prevalence differed 
according to the population sampled, but the prevalence within each population was 
somewhat similar for each age group. According to the non-generalisable findings (Table 2.9) 
(samples from only particular states/cities/towns), the prevalence of fluorosis in adolescents 
(12 to 17 years old) ranged from 7 to 46%. Spencer and Do (2008) reported a prevalence 
greater than the other studies (46%). The latter sample was representative of a whole state of a 
country, rather than a national representation. Furthermore, this sample’s age range included 
children as young as 10 years old. However, some of the non-generalisable studies used the 
TF Index, making direct comparison with Dean’s Index measurements difficult. Nonetheless, 
the ranges of prevalence according to the generalisable and non-generalisable findings are 
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No reported studies have specifically investigated fluorosis in New Zealand adolescents; 
however, a few have investigated DDE in general. Suckling and Pearce (1984) reported a 
63% prevalence of DDE (using the DDE Index) in a sample of 243 12- to 14-year-old 
adolescents from one school in New Zealand. The other studies investigated samples of 
children (7 to 10 years old) and found the prevalence of DDE (using the DDE Index, or 
modified versions thereof) to range from 15 to 52% (Mackay and Thomson 2005; Mahoney 
and Morrison 2009; Schluter et al. 2008). A proportion of these prevalence estimates may 
have been due to fluorosis, but it is evident that more research on the occurrence of enamel 
defects (particularly fluorosis) is required in New Zealand adolescents. 
 
2.4.4 Putative risk factors/markers 
There are several putative risk factors/markers for enamel defects on the whole (and also for 
dental fluorosis). The studies that investigated DDE as an outcome did not find a difference in 
occurrence according to sex (Mackay and Thomson 2005; Suckling and Pearce 1984) or SES 
(Mackay and Thomson 2005), but did find that a higher prevalence of DDE was associated 
with greater fluoride exposure (Mackay and Thomson 2005; Schluter et al. 2008; Suckling 
and Pearce 1984).  
 
There are several putative risk factors/markers for dental fluorosis, including fluoridated 
drinking water, fluoride supplements, fluoride toothpaste, age, sex, ethnicity and SES 
characteristics (such as parental income and education) (Mascarenhas 2000). From the 
reviewed adolescent studies, it is evident that fluorosis was associated with a longer history of 
living in an area with higher concentrations of fluoride in drinking water (Angelillo et al. 
1999; Nyvad et al. 2009; Spencer and Do 2008; Whelton et al. 2004). Understandably, the 
fluoride present in drinking water may be due to addition for health benefit purposes, or in 
some parts of the world, there are high natural fluoride levels in drinking water (WHO 2005). 
El-Nadeef et al. (2009) found differences in fluorosis occurrence by the region/province 
inhabited (not specific to water fluoridation, which may have indicated differences in natural 
levels of fluoride in water). They also found that fluorosis prevalence was greater in males, 
but they did not find any difference by nationality/ethnicity. In terms of age, the majority of 
studies report one prevalence for the whole age range in their sample; however, Whelton et al. 
(2004) did make age-group comparisons and reported greater prevalence of fluorosis in older 
children (age range 8-15 years old). Spencer and Do (2008) considered additional sources of 
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fluoride and found that the occurrence of fluorosis was associated with using fluoride 
supplements, having started brushing with fluoride toothpaste at a younger age, and licking or 
eating fluoride toothpaste. These findings give some indication of the risk factors/markers for 
fluorosis that may be relevant in adolescent populations, but there certainly is a need for 
further research, especially in New Zealand adolescents. 
 
2.4.5 Impact 
DDE (particularly fluorosis) have been shown to affect both child and adolescent OHRQoL 
(Do and Spencer 2007). These authors found that mild fluorosis (TF Index 0 to 2) was 
associated with better perception of oral health in their sample of 8- to 13-year-olds, but more 
severe fluorosis (TF Index >3) was associated with poorer perception of oral health. 
Furthermore, Craig et al. (2015) found that adolescents may make negative psychosocial 
judgments based on enamel appearance. However, other investigators failed to find any 
impact of fluorosis on adolescent OHRQoL (Michel-Crosato et al. 2005; Onoriobe et al. 
2014), and more recent evidence (Do et al. 2016) suggests that mild fluorosis diminishes with 
time, and may therefore have less (or no) impact when older. Nonetheless, the finding that 
severe fluorosis may negatively impact adolescents’ perception of their oral health, highlights 
its importance as a domain of interest in adolescent oral health. 
 
2.4.6 Summary 
DDE may present as either localised or generalised opacities (areas of hypomineralisation) 
that may be demarcated or diffuse, or they may also present as areas of hypoplasia. DDE have 
a multifactorial aetiology, but as an environmental factor, fluoride plays a crucial role in the 
development of dental fluorosis. There are several indices for measuring the occurrence of 
DDE and fluorosis, with the DDE Index and Dean’s Index being the most commonly used. 
The prevalence of fluorosis has been estimated to range from 10 to 41% in adolescent 
populations, with several possible risk factors/markers (such as fluoride in drinking water, 
toothpaste and/or supplements, being male, and of older age). More severe fluorosis has been 
shown to negatively impact oral health perception; accordingly, an investigation into the 




2.5 Dental trauma 
2.5.1 Definition and pathogenesis 
Dental trauma is defined as injury to the dental hard and/or soft tissues, namely the tooth and 
its respective layers (such as the enamel, dentine, cementum and pulp), and the supporting 
structures (such as the periodontal soft tissues and bone) (Glendor et al. 2007). Dental trauma 
results from physical forces (of detrimental magnitude, whether accidental or intentional) that 
are applied to the oral region and the tooth/teeth. Forces applied may lead to displacement of 
teeth, with consequent injury to the supporting structures. Alternatively, the forces may be 
dissipated in the tooth itself, and these may lead to coronal and/or root fracture. If the pulp 
tissue is injured, pulpal inflammation may ensue, which may lead eventually to loss of vitality 
(Glendor et al. 2007). 
 
The anterior teeth are most often involved (particularly the central incisors) and the number of 
teeth involved differs according to the nature of the insult (size and shape of the object), as 
well as whether a direct or indirect blow13 is sustained. In the permanent dentition, enamel 
fracture is the most common injury, followed by enamel–dentine fracture; in the primary 
dentition, supporting structure injuries (such as luxation and avulsion) are more common 
(Glendor et al. 2007). 
 
Several possible aetiologies have been proposed, and these may be categorised according to 
whether the injury is unintentional/accidental or intentional (Table 2.10). It is therefore 
evident that traumatic dental injuries may be caused by a variety of factors and may present in 
several ways. This poses a potential challenge for measurement and investigation. 
  
                                                
13 Such as a knock to the chin with subsequent collision of teeth in opposing dental arches. 
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Table 2.10 Aetiology of traumatic dental injuries (Glendor et al. 2007) 
Unintentional injuries Intentional injuries 
Falls and collisions 
Physical leisure activities (such as sports) 
Traffic accidents (including pedestrian, 
bicycle and automobile) 
Inappropriate use of teeth (such as biting 
pens, opening packets and screw top bottles) 
Biting hard items (such as oral piercings) 
Impact of illness, physical limitations or 
learning difficulties (such as epilepsy, 
cerebral palsy and dizziness) 
Physical abuse (such as battered child 
syndrome, assaults and domestic violence) 
Iatrogenic procedures (such as prolonged 





There are several classification systems for measuring the presence and/or extent/severity of 
traumatic dental injuries. These classify dental trauma according to the dental tissue(s) 
involved, the extent of hard tissue fracture, the degree of tooth displacement and consequent 
soft tissue trauma. The two most frequently used systems are the Andreasen and WHO 
classifications (Table 2.11). Ellis and Davey (1970) created their own classification, and 
classified dental trauma from Class 1 to Class 9, differentiated by dentinal or pulpal 
involvement, loss of vitality, loss of the tooth, root fracture, tooth displacement, and trauma to 
primary teeth. Several other authors have also classified traumatic dental injuries, all a 
modification of the Andreasen, Ellis and Davey, or WHO classifications. The modified 
classifications include those by Hargreaves and Craig (1970) and Garcia-Godoy (1981); the 
NIDR Index (Kaste et al. 1996), Dental Trauma Index (O'Brien, cited in Aldrigui et al. 2014; 
Fakhruddin et al. 2008; Marcenes and Murray 2001; Mathur et al. 2015) and the Cortes Index 
(Cortes, cited in Malikaew et al. 2006; Pattussi et al. 2006). The prevalence of traumatic 
dental injuries is defined as the proportion of cases presenting with one or more traumatised 
teeth in a population of interest at a particular point in time. 
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Measurement of traumatic dental injuries is complicated by several factors. First, there is a 
spectrum of possible types of injury (Table 2.11), and second, epidemiologic investigation 
will invariably assess dental trauma after the incident has occurred (signs of dental trauma 
may then be less obvious or have been modified by other factors over time). Trauma to the 
crown may be apparent or detectable clinically, but diagnosis of trauma to the root or 
supporting structures often requires diagnostic aids such as radiographs (Glendor et al. 2007) 
(the use of which is not practical in most epidemiological studies). Therefore, there is a 
likelihood of underestimation when measuring traumatic dental injuries in epidemiologic/field 
studies (Glendor et al. 2007). 
33
 
Table 2.11 Classification of traumatic dental injuries (adapted from Glendor et al. 2007) 
 

















enamel of tooth 
Fracture of crown 
without pulpal 
involvement 
Fracture of crown 
with pulpal 
involvement 
Fracture of root 










































Fracture of the 
alveolar socket 
wall 
Fracture of the 
alveolar process 




gingiva or oral 
mucosa 
Contusion of 
gingiva or oral 
mucosa 
Abrasion of 





Internationally, there is considerable variation in the reported prevalence of traumatic dental 
injuries (4 to 59%) in a wide age range (1 to 50 years old) (Glendor et al. 2007). This may be 
due to inconsistent use of measurement classifications, as well as differences in the age and 
sex distributions of the samples studied (Glendor et al. 2007). In children 6 to 12 years old, 
the incidence of traumatic dental injuries was reported to be 20/1000 per year (Stockwell 
1988), shown to peak between 2 to 4 years of age in the primary dentition (among both boys 
and girls), and then again between 9 to 10 years in the permanent dentition (among boys only) 
(Andreasen and Ravn 1972). In addition to general prevalence, the place of injury has 
appeared to follow a particular pattern, with injuries occurring most frequently at home, 
followed by at school, and in the street (or other public places) (Glendor et al. 2007). 
 
Several studies have investigated traumatic dental injuries in adolescents, with only a few 
generating generalisable findings (Table 2.12), and the majority limited in their 

































































































































































































































































































































































































































































































































































































































































































































































































































































































According to the generalisable findings (Table 2.12), the prevalence of traumatic dental 
injuries in adolescents has been reported to range between 4 and 19%. From the non-
generalisable findings (Table 2.13), the prevalence range is somewhat wider at 6 to 35%; 
however, it must be noted that some of the age ranges included children 11 years old. This 
was also the case in a New Zealand sample, with a reported prevalence of 17% (York et al. 
1978), but the study was conducted forty years ago. No other New Zealand studies focusing 
on adolescent dental trauma have been published since. Comparison of the prevalence in the 
different samples (Tables 2.12 and 2.13) is complicated by the use of different indices, and 
where the same index was used, the age ranges differ. Thus, more research is required, which 
may benefit from the adoption of a single, standardised measurement index. 
 
2.5.4 Putative risk factors/markers 
There are several putative risk factors/markers for traumatic dental injuries, including sex, 
age, SES, and clinical factors such as greater overjet14,15, inadequate lip coverage and caries 
experience (Glendor et al. 2007).  
 
In adolescent studies, male sex has frequently been associated with greater prevalence of 
dental trauma (Aldrigui et al. 2014; Artun and Al-Azemi 2009; Bendo et al. 2010; Blokland et 
al. 2016; de Paiva et al. 2015; Fakhruddin et al. 2008; Gopinath et al. 2008; Malikaew et al. 
2006; Marcenes and Murray 2001; Naidoo et al. 2009; Nicolau et al. 2001; Nik-Hussein 2001; 
Pattussi et al. 2006; York et al. 1978), with some studies reporting as much as 2.0 to 2.5 times 
greater prevalence in males than females (Malikaew et al. 2006; Naidoo et al. 2009; Nik-
Hussein 2001). 
 
In their sample of 2725 11- to 13-year-old Thai children, Malikaew et al. (2006) found a 
significantly greater prevalence of traumatic dental injuries in 12-year-olds than 11-year-olds. 
This prevalence was significantly lower in the 13-year-old participants. This finding is 
somewhat curious given that dental trauma is a cumulative process, and so it might be that 
some traumatised teeth are treated and not detected subsequently. Nonetheless, the variation 
                                                
14 Overjet = horizontal overlap of the maxillary and mandibular incisors (Moyers 1988 pp. 125-126). 
15 Frequently also referred to as ‘increased overjet’; however, such terminology is inappropriate when dealing 
with cross-sectional (single time-point) data. 
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in prevalence by age supports the aforementioned notion of specific peaks in dental trauma 
prevalence. 
 
Several studies have found an association between SES and dental trauma, but the findings 
are contradictory. Artun and Al-Azemi (2009) found a significantly lower prevalence of 
dental trauma in higher SES groups (based on family income), whereas Malikaew et al. 
(2006) found a significantly greater prevalence of dental trauma in higher SES groups (based 
on family income and parental education). These two samples were from different countries, 
Kuwait and Thailand, each with possible differences in culture and lifestyle practices. This 
may explain the contradictory findings, seeing as trauma–related activities may be afforded or 
limited by SES in each country. 
 
Several studies found a greater prevalence of dental trauma in adolescents with a greater 
overjet (>5mm) (Aldrigui et al. 2014; Bendo et al. 2010; de Paiva et al. 2015; Malikaew et al. 
2006; Marcenes and Murray 2001). Furthermore, several studies found that inadequate lip 
coverage (of the maxillary anterior teeth) was associated with greater prevalence of traumatic 
dental injuries (Aldrigui et al. 2014; de Paiva et al. 2015; Gopinath et al. 2008; Marcenes and 
Murray 2001). This highlights that an individual’s occlusion and/or skeletal pattern may 
influence the risk of dental trauma. 
 
Dental caries experience is also a putative risk factor for dental trauma, with a greater 
prevalence of dental trauma found to be associated with greater DMFT (Bendo et al. 2010; 
Fakhruddin et al. 2008). There is no biologically plausible mechanism for such an association; 
it is likely that a general lack of awareness in terms of health and protective behaviours may 
have led to such an association. The majority of these findings are, however, non-




Traumatic dental injuries have been found to have a negative impact on the OHRQoL of 
children and adolescents (Traebert et al. 2012). In their sample of 403 11- to 14-year-old 
Brazilian children/adolescents, with a dental trauma prevalence of 17%, Traebert et al. (2012) 
found that participants with dental trauma had an almost two times greater prevalence of 
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adverse impacts than those without dental trauma. Porritt et al. (2011) also found a negative 
impact on OHRQoL, whereby dental trauma limited function and affected school–related 
activities of affected participants among 108 7- to 17-year-old children and adolescents. 




Traumatic dental injuries may present as injury to the dental hard and/or soft tissues, via 
intentional or unintentional means. There are several classification systems that enable 
measurement of traumatic dental injuries. The prevalence of dental trauma in adolescent 
samples varies according to the parameters and classification system utilised by a particular 
investigation, but generally ranges between 4 and 19%, and appears to peak around 12 years 
of age. Putative risk factors/markers include sex, SES, greater overjet, inadequate lip coverage 
and caries experience. Dental trauma has been shown to have a negative impact on adolescent 
OHRQoL, and therefore represents a domain of interest that is worth further investigation. 
 
 
2.6 Dental anxiety 
2.6.1 Definition and pathogenesis 
Dental anxiety is defined as a general state of apprehension/fear in anticipation of a potential 
negative (non-specific) event occurring in the dental setting (Klingberg 2008; Porritt et al. 
2012). These authors described how dental anxiety differs from dental fear. Dental fear is a 
normal emotional reaction to a specific external dental stimulus that is considered to be 
threatening. Dental anxiety also differs from dental phobia. Dental phobia is a severe form of 
dental anxiety, with persistent fear of specific objects/situations possibly leading to negative 







Fear acquisition occurs according to a variety of mechanisms. Rachman (1977) suggested 
three mechanisms: threatening information exposure (where the stimulus may not have been 
encountered before), vicarious learning (specific observation of anxiety in significant others) 
and direct experience (where the stimulus has been encountered before). Direct experience is 
closely linked to classical conditioning, whereby a previously neutral stimulus may become 
fear provoking following a negative experience with that stimulus. These mechanisms may 
also explain the acquisition of dental anxiety. The effect of direct experience has been shown 
in children and adolescents who displayed greater levels of dental anxiety according to 
previous negative experience (such as pain and trauma), than in those without such experience 
(Townend et al. 2000). Parental dental anxiety may be transferred to their respective 
children/adolescents (Klingberg 2008; Ten Berge et al. 2002), which supports the 
mechanisms of threatening information exposure and vicarious learning. 
 
Several aetiological factors may be involved in dental anxiety, including sequelae of dental 
treatment (such as potential discomfort and perceived lack of control), temperament and 
general fear level (Klingberg 2008). Temperaments such as shyness and impulsivity have 
been shown to influence dental anxiety, in that patients exhibiting such temperamental traits 
were at greater odds of displaying fear–related behaviour than those without such traits 
(Arnrup et al. 2002). Dental anxiety has been shown to be associated with a high level of 
general fear (Bedi et al. 1992; Stenebrand et al. 2013a), which may indicate that in some cases 
dental anxiety is linked to an inherent predisposition for fearfulness. 
 
2.6.2 Measurement 
There are two main approaches for measuring dental anxiety in children/adolescents—
behavioural rating while an individual is receiving dental treatment, and psychometric scales 
(self- or proxy-reported anxiety) (Klingberg 2008). Psychometric scales have been useful in 
epidemiological investigation, whereas behavioural rating is difficult to apply on a large scale. 
 
Several measurement indices/scales have been developed for the investigation of dental 
anxiety, including the Dental Anxiety Scale (DAS) (Corah 1969), the Modified Dental 
Anxiety Scale (MDAS) (Humphris et al. 1995) and the Dental Fear Survey (DFS) 




The DAS consists of four questions relating to the feelings evoked by hypothetical dental 
scenarios (Table 2.14). Each question has five answer alternatives, such as ‘relaxed’, ‘a little 
uneasy’, ‘tense’, ‘anxious’ or ‘so anxious may break out in a sweat or feel physically sick’. 
Each response is assigned a score, with a possible total score for the scale ranging from 4 (no 
anxiety) to 20 (high anxiety) (an ordinal scale, but often treated as an interval scale) (Schuurs 
and Hoogstraten 1993). 
 
The MDAS takes into consideration the finding that many individuals have a fear of local 
anaesthetic injections (Humphris et al. 1995). This scale is a modified version of the DAS, 
with the inclusion of a question about oral injection–related anxiety (Table 2.14), as well as 
modified answer alternatives that are consistent for each question and ordered according to 
the severity of anxiety (such as ‘not anxious’, ‘slightly anxious’, ‘fairly anxious’, ‘very 
anxious’ and ‘extremely anxious’). These form a likert scale, with a possible total score for 
the scale ranging from 5 (no anxiety) to 25 (high anxiety) (Humphris et al. 1995). 
 
The DFS consists of three dimensions, including avoidance, self-perceived signs of 
physiological arousal, and fear of specific dental procedures/situations (Kleinknecht et al. 
1984). The survey includes 20 items (Table 2.14) each rated from 1 (low intensity) to 5 (high 
intensity) in relation to dental fear. The scale is ordinal, with a possible total summed score 











DAS (Corah 1969) 
 
MDAS (Humphris et al. 1995) 
DFS  
(adapted from Hakeberg and 
Berggren 1997) 
“If you had to go to the dentist 
tomorrow, how would you feel 
about it?” 
“If you went to your dentist for 
treatment tomorrow, how 
would you feel?” 
[Avoidance]: 
1. Put off making appointment 
2. Cancelled/failed to appear 
“When you are waiting in the 
dentist’s office for your turn in 
the chair, how do you feel?” 
“If you were sitting in the 
waiting room (waiting for 
treatment), how would you 
feel?” 
[Signs of physiological 
arousal]: 
3. Muscle tenseness 
4. Increase breathing rate 
5. Perspiration 
6. Nausea 
7. Heart beat faster 
“When you are in the dentist’s 
chair waiting while he gets his 
drill ready to begin working on 
your teeth, how do you feel?” 
“If you were about to have a 
tooth drilled, how would you 
feel?” 
“You are in the dentist’s chair 
to have your teeth cleaned. 
While you are waiting and the 
dentist is getting out the 
instruments he will use to 
scrape your teeth around the 
gums, how do you feel?” 
“If you were about to have 
your teeth scaled and polished, 
how would you feel?” 
[Specific dental situations]: 
8. Making an appointment 
9. Approaching dental office 
10. Sitting in the waiting room 
11. Sitting in dental chair 
12. Smell of dental office 
13. Seeing the dentist 
14. Seeing anaesthetic needle 
15. Feeling anaesthetic needle 
16. Seeing drill 
17. Hearing drill 
18. Feeling drill 
19. Having teeth cleaned 
20. Overall fear of dentistry 
“If you were about to have a 
local anesthetic injection in 
your gum, above an upper 




The Child Fear Survey Schedule-Dental Subscale (Cuthbert and Melamed 1982) is another 
measurement scale; however, it was designed for exclusive use in children. All of the 
mentioned measurement scales have been criticised for their lack of a theoretical basis as well 
as measuring factors of both fear and anxiety (rather than being specific to either concept) 
(Armfield 2010a). Accordingly, Armfield (2010b) developed and validated the Index of 
Dental Anxiety and Fear (for use in adults), which consists of three modules that measure 
dental anxiety and fear, dental phobia and feared dental stimuli. It is considered to be practical 
and have a strong theoretical basis. Nevertheless, the DAS, MDAS and DFS are frequently 
used, particularly in studies that have investigated dental anxiety in adolescents.  
 
The prevalence of dental anxiety is dependent on the definition of a case (dentally anxious 
individual, defined as a score above a given threshold). The prevalence is therefore the 
proportion of cases in a given population at a particular point in time. The severity of dental 
anxiety is the mean score for those cases within the scale used. 
 
2.6.3 Occurrence 
Several studies have investigated dental anxiety in adolescent samples, which produced both 


































































































































































   





































   






































   







































   






































   












































































































































































































































   




   




   
















































   




   





















































   














































   














































   


















































   












































   














































   































































According to the generalisable findings (Table 2.15), the estimated prevalence of dental 
anxiety in adolescent populations ranged from 3 to 11%. These findings are from studies that 
utilised different measurement scales; therefore, direct comparison is not possible. According 
to the non-generalisable findings (Table 2.16), the prevalence of dental anxiety in adolescent 
samples ranged from 7 to 67%. Several of these studies used the same measurement scale, 
whereby a narrower prevalence range (7 to 12%) was found according to DFS ≥60, and also 
according to DAS ≥15 that included 15-year-olds (7 to 23%). Furthermore, the Brazilian 
study (de Carvalho et al. 2013) had smaller sample sizes than the others; therefore, its high 
and outlying prevalence figures may not be truly representative. Only one study looked at 
dental anxiety (DAS ≥15) in New Zealand adolescents, and found a prevalence of 10.6% 
(Locker et al. 2001). The wide range of non-generalisable findings highlights the variability 
that occurs if a variety of parameters and different measurement scales are used. 
 
The severity of dental anxiety (mean index score) in adolescents ranged from 8.7 to 10.1 
(DAS) and 34.2 to 40.5 (DFS)—the New Zealand sample having had the lowest mean DAS 
score. Several studies did not report the mean index score for their samples, and the use of a 
modified index and unvalidated scale in others meant measuring severity was not possible. 
The findings indicate that the severity of dental anxiety in the adolescent samples can be 
classified as mild to moderate, seeing as the estimates lie between ¼ to ½ the length of the 
possible range of the respective indices, but the standard deviations of the estimates would 
need to be considered in order to make accurate conclusions. The inconsistent reporting of 
findings (such as mean index score) and the variety of indices used makes comparison of the 
different samples difficult. As such, there is a lack of good, comparable evidence in terms of 
the occurrence of dental anxiety in adolescents, with more research needed, especially in New 
Zealand. 
 
2.6.4 Putative risk factors/markers 
Several possible risk factors/markers have been identified for dental anxiety in adolescents. 
These include sex, age, ethnicity, SES, parental/family dental anxiety, general fear, previous 
dental treatment experience, history of dental pain, recency of previous dental visit, the reason 




Several studies found a greater level of dental anxiety in females than males (Bedi et al. 1992; 
Bergius et al. 1997; Brukiene et al. 2006; Carrillo-Diaz et al. 2013; de Carvalho et al. 2013; 
Stenebrand et al. 2013b; Taani et al. 2005), which may be explained by a greater willingness 
of females to express feelings of anxiety (Hakeberg, cited in Brukiene et al. 2006) (seeing as 
the psychometric scales are based on self-report). Therefore, sex is a possible risk marker for 
dental anxiety. 
 
Age has also been found to be a risk marker for dental anxiety. In a prospective cohort study, 
Locker et al. (2001) found that the time course of dental anxiety follows periods of onset and 
remission from childhood to early adulthood. Some authors found a peak of dental anxiety in 
early childhood (Klingberg et al. 1994), whereas others found a peak in early adolescence (de 
Carvalho et al. 2013), and early adulthood (Locker et al. 2001). This may be explained by the 
development of cognitive abilities and coping during childhood (Ten Berge et al. 2002), but 
may also be influenced by exposure to potentially traumatic dental experiences (such as third 
molar extractions) (Locker et al. 2001). Furthermore, in the aforementioned prospective 
cohort, Thomson et al. (2009) noted specific age trajectories differentiated by the presence of 
dental anxiety, the stability and severity thereof, and whether onset occurred in adolescence or 
adulthood (and was also influenced by personality traits and caries experience during 
adolescence or childhood). As such, other influential factors may also play a role at different 
ages, and these may ultimately impact on the occurrence of dental anxiety in adulthood.  
 
An association between ethnicity and dental anxiety has been found in samples of children 
and adults (Fuks et al. 1993; Ten Berge et al. 2002; Weisenberg et al. 1975). Milgrom et al. 
(1992), however, did not find any difference between the ethnic groups (Chinese vs. Malay 
vs. Indian vs. Other) in their sample of adolescents. These contradictory findings may indicate 
the need for further investigation in terms of ethnic differences in adolescents. 
 
SES has been found to be a possible risk marker for dental anxiety, whereby adolescents of 
lower SES (based on parental occupation, social class or deprivation) exhibited greater levels 
of dental anxiety (Bedi et al. 1992; de Carvalho et al. 2013; Nuttall et al. 2008).  
 
Studies have a found a correlation between adolescent dental anxiety and that of their parents 
or other family members. The findings showed that dentally anxious adolescents reported 
dental anxiety in their parents or other family members more frequently than adolescents who 
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were not dentally anxious (Nuttall et al. 2008; Stenebrand et al. 2013b). Bedi et al. (1992) 
found that the prevalence of high dental anxiety was greater if adolescents in their sample 
knew more people who were dentally anxious. This may support the notions of threatening 
information exposure and vicarious learning. These authors also found that dental anxiety was 
associated with a high level of general fear, which may indicate a predisposition based on 
general fearfulness. 
 
Several studies have found that factors relating to dental treatment and oral health may serve 
as risk factors for dental anxiety. Greater levels of dental anxiety were associated with having 
experienced dental treatment previously or a history of dental pain (Bergius et al. 1997; 
Brukiene et al. 2006; de Carvalho et al. 2013; Milgrom et al. 1992; Nuttall et al. 2008; 
Stenebrand et al. 2013b). Adolescents were more likely to exhibit dental anxiety if their most 
recent dental visit was more than 12 months prior, or if the reason for their last dental visit 
was for curative (dental pain) as opposed to preventive reasons (such as a check-up) (Bedi et 
al. 1992; Brukiene et al. 2006; de Carvalho et al. 2013; Milgrom et al. 1992; Nuttall et al. 
2008). Brukiene et al. (2006) also found that dental anxiety was associated with greater caries 
experience. As mentioned earlier, this highlights a ‘vicious cycle mechanism’—the reluctance 
to visit a dentist more frequently may have negative implications for oral health, which if 
poor, may also exacerbate dental anxiety (Crego et al. 2014). 
 
2.6.5 Impact 
Dental fear has been shown to impact OHRQoL (Luoto et al. 2009). These authors found a 
greater impact on OHRQoL (particularly on social well-being and emotional well-being) in a 
sample of 11- to 14-year-old children/adolescents who presented with measured dental fear, 
than in those who did not. Only dental fear in relation to the treatment of dental caries was 
found to be significant. Notably, other dental experiences were found to modulate this effect, 
such as experience of orthodontic treatment. If an individual had experienced orthodontic 
treatment, the impact of fear from the treatment of dental caries was less. This indicates that 
different types of dental treatment may influence dental fear in different ways and to a 
variable extent. Knowing that dental anxiety is essentially the anticipation/expectation of 
encountering a feared stimulus (Armfield 2010a), and both dental fear and anxiety are part of 





Dental anxiety is a general apprehension of potential non-specific dental 
events/objects/situations. This apprehension may develop due to threatening information 
exposure, vicarious learning, or direct experience, as well as a possible predisposition to 
general fearfulness. The occurrence of dental anxiety may be measured by a variety of 
psychometric scales, including the DAS, MDAS and DFS. According to the generalisable 
findings, the prevalence of dental anxiety in adolescents was reported to range from 3 to 11%, 
and the severity of dental anxiety was moderate (10.1, mean DAS). There are several possible 
risk markers/factors for dental anxiety, including sex, age, ethnicity, SES, parental/family 
anxiety, general fear, previous dental treatment experience and oral health–related factors. 
Dental anxiety may have a negative impact on adolescent OHRQoL; therefore, the inclusion 
of a dental anxiety domain in an investigation into adolescent oral health may be worthwhile.  
 
 
2.7 Oral hygiene 
2.7.1 Definition and pathogenesis 
Oral hygiene (also known as “dental hygiene”) is defined as “the maintenance of the teeth and 
gums in [a] healthy condition, especially…the removal of plaque” (Collins English Dictionary 
2017). Greene and Vermillion (1960) also referred to the concept of ‘oral cleanliness’, which 
for the most part focuses on the degree of accumulation or the amount/extent of plaque16 on 
and around the teeth and gingivae. Plaque accumulation occurs by pellicle17 formation, 
followed by single bacteria attachment, microcolony formation, microbial succession and 
biofilm maturation (Marsh and Nyvad 2008). Oral hygiene measures such as toothbrushing 
and flossing are some of the main methods of disrupting plaque maturation and physically 
removing plaque from the tooth and gingival surfaces. If not removed, plaque accumulation 
may progress, covering greater extents of the tooth surfaces, and it may be mineralised into 
calculus by minerals in saliva. The extent of plaque accumulation is therefore often measured 
as an indication of oral hygiene, which may also be indicative of the degree of oral cleaning 
                                                
16 Dental biofilm – communities of microorganisms in a three-dimensional matrix of cellular and environmental 
material attached to an [oral] surface (Marsh and Nyvad 2008). 
17 “An acellular proteinaceous film” (Marsh and Nyvad 2008, p. 167). 
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undertaken (or not) by the individual concerned. Although oral hygiene is not a disease per 
se, it is a domain of interest because it is a measurable entity and influences some of the other 
domains already discussed. 
 
2.7.2 Measurement 
There are several measurement indices that are used to measure oral hygiene. They include 
the Oral Hygiene Index (OHI) (Greene and Vermillion 1960), its simplified form (OHI-S) 
(Greene and Vermillion 1964), the Plaque Index (PI) and Calculus Index (CI) (Silness and 
Löe 1964), and several other less frequently used indices (O'Leary et al. 1972; Podshadley 
and Haley 1968; Quigley and Hein 1962; Turesky et al. 1970). 
 
In its original form, the OHI consists of the sum of separate debris and calculus indices, which 
score the extent of debris and calculus covering both the buccal and lingual tooth surfaces, 
with the most severely affected tooth within each of three segments per dental arch being 
scored (Greene and Vermillion 1960). To simplify the process, Greene and Vermillion (1964) 
devised the OHI-S, which scores only six particular index teeth in the mouth (four posterior 
and two anterior teeth). These teeth include the first fully erupted molar distal to the second 
premolar on both sides and arches of the mouth, and the maxillary right and mandibular left 
central incisors18. The buccal surfaces of the maxillary molars, the lingual surfaces of the 
mandibular molars, and the labial surfaces of the incisors are assessed19. The extent of plaque 
accumulation (Simplified Debris Index, or DI-S) is measured by running a probe/explorer 
along the tooth surface, noting the occlusal/incisal extent of plaque/debris removed. The 
possible scores are: 0 (no debris or stain), 1 (debris/plaque covering ≤1/3 of the tooth surface; 
or the presence of extrinsic stain and no debris, regardless of the extent of coverage), 2 
(debris/plaque ≥1/3 but ≤2/3 of the tooth surface), or 3 (≥2/3 of the tooth surface). The extent 
of calculus (Simplified Calculus Index, or CI-S) is measured with a probe both 
supragingivally and subgingivally. The possible scores are: 0 (no calculus), 1 (supragingival 
calculus covering ≤1/3 of the tooth surface), 2 (supragingival calculus covering ≥1/3 but ≤2/3 
of the tooth surface; or individual subgingival calculus flecks around the cervical portion of 
the tooth), or 3 (supragingival calculus covering ≥2/3 of the tooth surface; or a continuous 
                                                
18 If an incisor is missing, then the central incisor opposite the midline is scored. 
19 Only fully erupted (having reached the occlusal plane), permanent teeth are scored, and only in the absence of 
a full crown restoration or loss of surface height due to caries or trauma (if so, an alternate tooth is scored). 
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heavy band of subgingival calculus around the cervical portion of the tooth). For each index, 
the scores for each tooth are summed and the total divided by the number of tooth surfaces. 
The overall OHI-S is the sum of the DI-S and CI-S. The OHI-S score may range from 0 to 6, 
and the DI-S and CI-S each from 0 to 3. 
 
The Silness and Löe (1964) indices (PI and CI) score six particular index teeth20 : 16, 12, 24, 
36, 32 and 44. The buccal, lingual/palatal, mesial and distal surfaces are each scored, and the 
sum is then divided by four to give the index for the individual tooth. The six index teeth 
scores are summed and then divided by six to give the whole mouth score. The PI’s possible 
scores are: 0 (no plaque), 1 (a film of plaque along the free gingival margin or adjacent area 
of the tooth, noted after plaque disclosing or running a probe/explorer along the tooth 
surface), 2 (moderate plaque accumulation within the gingival pocket or on the gingival 
margin or tooth surface, seen with the naked eye), or 3 (an abundance of plaque within the 
gingival pocket and/or on the gingival margin or tooth surface). The CI’s possible scores are: 
0 (no calculus), 1 (supragingival calculus extending slightly (≤1mm) below the free gingival 
margin), 2 (moderate amounts of supra- or subgingival calculus; or subgingival calculus 
only), or 3 (an abundance of supra- or subgingival calculus). The PI or CI score may range 
from 0 to 3. 
 
The less frequently used indices also score the extent of plaque covering the tooth surface, but 
differ by requiring disclosing/staining of the plaque before scoring (O'Leary et al. 1972; 
Podshadley and Haley 1968; Quigley and Hein 1962; Turesky et al. 1970), having a rating 
system with five separate classifications (Podshadley and Haley 1968; Quigley and Hein 
1962; Turesky et al. 1970), averaging a score for both the buccal and palatal/lingual surfaces 
of all non-restored teeth in the mouth (Turesky et al. 1970), or simply distinguishing stained 
from non-stained surfaces to calculate a proportion–stained score (index) (O'Leary et al. 
1972). All of the latter four indices are complicated by the added complexity of their rating 
systems and scoring procedures, which may be why the OHI-S, DI-S and PI have been used 




                                                
20 Missing teeth are not substituted. 
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As a measure of oral hygiene, most adolescent studies report mean oral hygiene index scores 
(an indication of the severity of plaque accumulation). The prevalence of good, fair or poor 
oral hygiene could also be reported, but would rely on defining a particular threshold plaque 
score(s) in any instance (and is rarely reported in adolescent studies). 
 
2.7.3 Occurrence 
Studies from New Zealand and overseas have generated both generalisable (Table 2.17) and 
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Only one study has generated generalisable findings in terms of oral hygiene in adolescents 
(Table 2.17). In their sample of 1224 12-year-olds and 1257 15-year-olds in a national survey 
in Greece, Vadiakas et al. (2012) found mean plaque scores (DI-S) of 0.9 and 0.7, 
respectively. In terms of classifying their oral hygiene as good, fair or poor, it could be said 
that on average, Greek adolescents had good oral hygiene (seeing as both mean plaque scores 
were less than 1—within the lowest third of the possible range).  
 
A few studies have investigated oral hygiene in New Zealand adolescents (Table 2.18), and 
found mean plaque scores that ranged from 0.7 to 1.1. Direct comparison of these findings is 
complicated by the use of different oral hygiene indices. Each study’s sample age/age range 
also differed; however, in combination, all three of the New Zealand studies cover most of 
this thesis’ adolescent age range definition (albeit that one of the studies also included 11-
year-olds). Furthermore, all three of the studies were conducted more than roughly thirty 
years ago, and the findings are non-generalisable because the samples were all from one 
particular city (Dunedin). Nevertheless, these findings give an indication of New Zealand 
adolescents’ oral hygiene, which could be described as fair/good, although more research is 
needed. 
 
According to the non-generalisable findings from overseas (Table 2.19), mean oral hygiene 
scores ranged from 0.1 to 2.2. If compared strictly by similar oral hygiene indices, then the 
mean plaque scores were 1.1 (DI-S) and ranged from 0.8 to 1.6 (PI), and the mean oral 
hygiene scores from 0.1 to 2.2 (OHI-S—realising that the possible range of the OHI-S is 
wider at 0 to 6). The poorest oral hygiene was found in 12-year-olds in Lithuania, and the best 
in 12-year-olds in Libya; however, the former sample’s size was 3.5 times greater than the 
latter. All of the overseas studies were also conducted at least 11 years ago, and there was 
wide variation in the sample sizes. According to these findings, adolescent oral hygiene can 
be described as fair/good (when considering the PI, DI-S and OHI-S possible ranges). Using 
similar indices and sample age ranges, New Zealand adolescents’ oral hygiene was slightly 
better than those in Australia, and better than those in Wales or Jordan (but there were some 
differences in the sample sizes and the years the studies were conducted in). Like the other 
domains of interest, accurate comparison of the oral hygiene findings is complicated by the 
use of different measurement indices, differences in sample sizes and the years in which the 
studies were conducted. However, these findings give insights into adolescent oral hygiene in 
New Zealand and overseas, but also highlight the need for more recent research.  
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2.7.4 Putative risk factors/markers (for poor oral hygiene) 
There are several putative risk factors/markers for poor oral hygiene (in other words for 
greater oral hygiene scores). These include sex, age, residential area and toothbrushing 
frequency. 
 
Several studies have observed greater mean oral hygiene scores in males (Addy et al. 1994; 
Aleksejuniene et al. 1996; Anaise 1978; Payette and Brodeur 1992; Quteish Taani 2001; 
Vadiakas et al. 2012; Yunus et al. 1987), whereas one study found a lower mean plaque score 
in males (El-Qaderi and Quteish Ta'ani 2006). Interestingly, the latter study as well as that by 
Quteish Taani (2001) were both conducted in Jordan by the same investigator, using the PI, in 
almost similar age ranges, but in different regions of the country, which may have been 
indicative of a regional influence as well. Nevertheless, the consistent sex differences in oral 
hygiene scores show that male sex is a putative risk marker for poor oral hygiene in 
adolescents. 
 
Age is another putative risk marker for poor oral hygiene, in that some authors have found 
that mean plaque scores were greater in younger participants (Addy et al. 1994; Anaise 1978). 
However, in his samples of adolescents in New Zealand and Australia, Wright (1984) did not 
find differences in mean plaque scores by age, even though the sample age ranges were 
similar, although the latter study’s sample sizes were smaller. As such, younger age is a 
putative risk marker for poor oral hygiene in adolescents. 
 
Mean oral hygiene scores have also been shown to differ by geographic residential area. In 
their national survey of almost 2500 Greek adolescents, Vadiakas et al. (2012) found 
significantly greater mean plaque scores in those residing in rural than in urban areas. 
However, in their sample of just over 1000 Libyan adolescents, Omar and Pitts (1991) failed 
to find a difference in mean plaque scores by residential area, but the latter study had a 
smaller sample size and is limited in its generalisability (sampled only two regions of the 
country). Therefore, according to the generalisable findings, residing in a rural area is a 





Toothbrushing frequency is another putative risk factor for poor oral hygiene, in that mean 
plaque scores have been found to be greater in adolescents who brushed their teeth less 
frequently (less than once per day) (Vadiakas et al. 2012). The other reported studies did not 
measure (or report) toothbrushing frequency as an independent variable; however, the 
difference noted in oral hygiene by toothbrushing frequency was based on national data, and 
therefore represents a generalisable finding. As such, toothbrushing frequency is a putative 
risk factor for poor oral hygiene in adolescents, but more research is needed. 
 
2.7.5 Impact 
To date, there have not been any studies that have investigated the impact of adolescent oral 
hygiene on OHRQoL. Some studies have, however, found associations between poor oral 
hygiene and some of the other domains of interest, namely dental caries and periodontal 
disease. Aleksejuniene et al. (1996) found that greater mean oral hygiene scores coincided 
with greater caries prevalence, and Yazdani et al. (2008) found that the presence of plaque 
(PI>0) was associated with periodontal disease (CPI>0). Accordingly, adolescent oral hygiene 
may have an indirect impact on OHRQoL, seeing as dental caries and periodontal disease 
have both been shown to have a potentially negative impact on adolescent OHRQoL 
(Krisdapong et al. 2012; Lopez and Baelum 2007). Moreover, in a longitudinal study that 
followed a birth cohort of 911 individuals in New Zealand, it has been found that those with 
poor oral hygiene (high plaque levels) during adolescence, often continued on a similar oral 
hygiene trajectory into adulthood, and were more likely to experience caries, periodontal 
disease and subsequent tooth loss during adulthood (by 32 years of age) (Broadbent et al. 




Oral hygiene (or oral cleanliness) is signified by the presence or absence of plaque, or other 
deposits such as calculus on the teeth and gingivae. Oral hygiene can be measured by 
assessing the extent/accumulation of such deposits, and frequently used indices include the PI, 
DI-S and OHI-S. According to the generalisable findings on adolescents overseas, mean oral 
hygiene scores ranged from 0.7 to 0.9. In New Zealand adolescents, mean plaque scores (non-
generalisable) ranged from 0.7 to 1.1. There are several putative risk factors/markers for poor 
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oral hygiene in adolescents, such as sex, age, residential area and toothbrushing frequency. 
Oral hygiene has been shown to impact on dental caries and periodontal disease prevalence, 
and therefore may have an indirect impact on adolescent OHRQoL. Moreover, oral hygiene in 
adolescence may be indicative of oral hygiene in adulthood, as well as the likelihood of caries 
experience, periodontal disease and subsequent tooth loss in adulthood. There is a lack of 
more recent and directly comparable research on oral hygiene in New Zealand adolescents 
and overseas. As such, oral hygiene is a domain of interest that is worth including in an 
investigation into adolescent oral health in New Zealand. 
 
 
2.8 Literature review summary 
This chapter has reviewed the literature on adolescent oral health, particularly in terms of 
several domains of interest, including dental caries, periodontal disease, enamel defects (with 
a focus on dental fluorosis), dental trauma, dental anxiety and oral hygiene. Each domain was 
defined along with a description of its pathogenesis. Methods of measuring the occurrence of 
each domain were discussed, along with descriptions of the commonly used measurement 
indices. Both generalisable and non-generalisable occurrence data from adolescent samples 
overseas and in New Zealand were reviewed, as well as the putative risk factors/markers for 
each domain of interest. It was highlighted that each domain may have a potential impact on 
adolescents and their OHRQoL. Moreover, the literature review highlights that there is 
limited knowledge about adolescent oral health both overseas and in New Zealand. The 
evidence is somewhat out of date and generalisability is limited by only a few studies having 
produced national data. Comparison of the findings from individual studies is complicated by 
differences in measurement, sample sizes, sample age ranges and the years in which the 
studies were conducted. As such, it is evident that an investigation into adolescent oral health 
in New Zealand (with a focus on each of the mentioned domains of interest) has the potential 
to enhance knowledge about this particular group’s oral health. Such an investigation could 
take the form of a secondary analysis of the data from New Zealand’s most recent21 national 
oral health survey. 
                                                
21 Conducted in 2009. 
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The study described in this thesis was a secondary analysis of data from a previous study—
the 2009 NZOHS.  
 
This chapter describes the methods used in the current study, described in terms of the study 
design, the 2009 NZOHS, the sample, approvals (such as Māori consultation, ethics approval 
and data use approval), funding and data analysis. 
 
 
3.2 Study design 
This study was a secondary analysis of the data collected in the 2009 NZOHS, which was a 
cross-sectional study (national survey). 
 
 
3.3 The 2009 NZOHS 
This section describes the 2009 NZOHS in terms of its aim, study design and the methods 
used for data collection (namely survey questionnaires and dental examinations). 
 
3.3.1 Aim 
The 2009 NZOHS aimed to describe the oral health of children and adults resident in New 
Zealand at the time. This included examining the prevalence and severity of several oral 
conditions, as well as possible risk and protective factors thereof, possible relationships 
between general, oral, adult oral and child oral health, population subgroup inequalities, and 





The 2009 NZOHS was a cross-sectional study (national survey), carried out from February to 
December 2009 (Ministry of Health 2010b). This was a follow-up to the 2006/2007 New 
Zealand Health Survey (NZHS06/07)22. The 2009 NZOHS was a collaboration involving the 
Ministry of Health, Defence Dental Services of the New Zealand Defence Force, the New 
Zealand Dental Association and the Accident Compensation Corporation. 
 
3.3.3 Data collection 
The 2009 NZOHS data collection methods are described in the 2009 NZOHS Methodology 
Report (Ministry of Health 2010b). The data collection methods consisted of questionnaires 
administered through face–to–face computer–assisted personal interviews (CAPIs), and 
dental examinations. Several methods were employed to promote data validity and reliability.  
 
3.3.3.1 The questionnaires 
A self/proxy-report questionnaire relating to oral health status, risk and protective factors for 
oral health, and service utilisation was administered by CBG Health Research Ltd (a specialist 
survey company), as part of the CAPI process. Following selection (described in Section 3.4), 
the Ministry of Health sent an invitation letter to the participant’s house, and trained 
interviewers contacted participants regarding consent. Once voluntary agreement to 
participate had been attained, an appointment was arranged at the participant’s house (or other 
location according to the participant’s preference). A multi-lingual information brochure was 
provided and an electronic consent form signed (if requested by the participant, an interpreter 
was arranged for the interview and/or examination). Interview responses were entered directly 
into a notebook computer and assisted with predetermined response category show cards, 
where appropriate. The questionnaire comprised validated questions from existing surveys, 
and new questions formulated in consultation with an external advisory group and 
stakeholders. 
 
                                                
22 A national population-based health survey that measured physical and mental health status, as well as risk and 
protective behaviours, and health service utilisation (Ministry of Health 2008).   
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A separate questionnaire was administered to adult and child participants, each with different 
lengths and some differences in content (Table 3.1). The adult questionnaire (self-report) was 
administered to participants 15 years old and over, and included 129 questions in five areas: 
self-reported oral health status, risk and protective behaviours, utilisation of oral health 
services, orofacial trauma, and attitudes, knowledge and opinions about oral health. 
Sociodemographic information was updated in addition to that available from the NZHS06/07 
(such as age, ethnicity, education, employment, income support, income, household income, 
household composition). 
 
The child questionnaire (proxy-report) was administered to the primary caregiver of 
participants 2 to 14 years old. A specific child response module (self-report) was answered by 
children 9 to 14 years old (if willing and the primary caregiver consented); otherwise this was 
answered by the primary caregiver. The child questionnaire included 74 questions in three 
areas: proxy-reported oral health, risk and protective behaviours, and utilisation of oral health 
services. The child response module included questions on oral health behaviours, eating and 
drinking frequency, and mouthguard use. Sociodemographic information was updated in 
addition to that available from the NZHS06/07 (such as ethnicity). 
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Table 3.1 Noteworthy differences in questionnaire content 
 Questionnaire 
 Child Adult 
History of recent bleeding gums (4 weeks prior)  ✓ 
History of recent teeth/mouth pain/discomfort (4 weeks prior)  ✓ 
History of toothache in the previous 12 months ✓  
History of avoiding eating some foods due to teeth/mouth problems ✓  
History of dental restorations in the previous 12 months ✓  
History of dental extractions in the previous 12 months ✓  
Self-perceived need for dental care  ✓ 
Interdental cleaning frequency  ✓ 
History of professional dental cleaning  ✓ 
Amount of toothpaste used when brushing ✓  
Rinsing/spitting after brushing ✓  
Age first started brushing with toothpaste ✓  
History of fluoride drops/tablet use ✓  
History of fluoride mouthwash use ✓  
History of ever smoking  ✓ 
Last dental visit for relief of pain ✓  
Type of dental trauma sustained during orofacial trauma ✓  
Dental anxiety (DAS scale)  ✓ 
 
 
3.3.3.2 The dental examinations 
A group of registered dentists were trained and calibrated for conducting the dental 
examinations, and were assisted by trained dental recorders. Dental examinations were 
conducted if adults and children completed the face-to-face interview (adults limited to those 
with at least one of their own natural teeth). An information sheet on the dental examination 
was provided following the interview. If the participant agreed to further participation, an 
appointment was arranged at a local dental facility (private dental practice, School Dental 
Service clinic, District Health Board (DHB) or iwi-provider clinic). If unable to physically 
travel, a participant was offered an in-home examination. Dental examinations were 
conducted mostly during work hours and were not conducted on the same day as the 
interview, but 84% were conducted within six weeks of the interview. At the appointment, 
consent was obtained and a medical history completed before each examination. Children 6 to 
14 years old could provide their own consent; they were examined only if both caregiver and 
child provided consent.  
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A standardised protocol was followed, collecting information about tooth loss, dental caries 
experience (DMFS/dmfs)23, periodontal disease (bleeding on probing (BOP), pocket depth 
and recession24, in those 15 years or older with no medical contraindications to probing), 
dental fluorosis25 (Dean’s Index, for participants 8 to 30 years old only), dental trauma 
(history and visual signs of dental trauma26), oral mucosal lesions (lips and intra-oral mucosa) 
and oral debris27 (food deposits and plaque, Simplified Debris Index (DI-S)). 
 
Participants were examined supine in standard dental chairs, with overhead dental light 
illumination, and using an intra-oral mirror (with its own battery–powered light source), as 
well as a periodontal probe with 2mm markings. Teeth were photographed clinically, but no 
radiographs were taken. Participants were provided with a written report of the main clinical 
findings, written by the dental examiner. General advice was also given about dental 
treatment and regular check-ups. Referral to the relevant DHB was made if any suspected oral 
malignancy was detected. If a dental examination was completed, children received a 
toothbrush and fluoride toothpaste; adults were sent a thank-you letter, and a $50 travel 
expenses voucher from the Ministry of Health.    
 
                                                
23 Coronal, modified DMFS/dmfs: visual examination only, teeth air-dried, five surfaces. Factors assessed: caries 
(enamel cavitation or dentinal involvement or both), recurrent caries, unsatisfactory restoration (needed 
replacement), satisfactory restoration due to caries, satisfactory restoration for other reasons, fissure sealant, and 
sound. 
Radicular, modified DMFS (in those 15 years or older only): visual examination only, teeth air-dried, four 
surfaces. Factors assessed: caries, recurrent caries, unsatisfactory restoration, satisfactory restoration, wear of 
≥2mm (buccal only), sound, and root surface not visible. 
24 BOP, pocket depth and recession: all teeth except third molars, at three sites per tooth (mesio-buccal, mid-
buccal, disto-lingual). BOP – ≥10s after probing. Pocket depth – free gingival margin to the bottom of the 
periodontal pocket/crevice (in millimetres). Recession – cemento-enamel junction (CEJ) to free gingival margin 
(positive if CEJ supragingival, negative if subgingival). Clinical attachment loss was calculated post hoc during 
data analysis. 
25 Dental fluorosis: eight maxillary anterior permanent teeth (right first premolar to left first premolar), if fully 
erupted, buccal surfaces only. Dean (1934)’s categories: normal, questionable, very mild, mild, moderate. 
26 Dental trauma: six maxillary anterior permanent teeth (right canine to left canine). Factors assessed (arbitrary 
scale/index): no trauma, treated trauma, untreated trauma limited to enamel, untreated trauma involving at least 
dentine, trauma-related tooth discolouration (participant-verified), avulsed or luxated (participant-verified), 
unable to be scored (primary tooth, unerupted or missing for other reasons). 
27 Debris: six index teeth (posterior – first fully-erupted molar distal to the second premolar, both sides, each 
arch, maxillary buccal surfaces, mandibular lingual surfaces; anterior – labial surfaces of teeth 11 and 31, or the 
opposite central incisor if absent) (Greene and Vermillion 1964). DI-S: 0 = no debris or stain; 1 = soft debris ≤ 
1/3 tooth surface, or extrinsic stain without debris; 2 = soft debris 1/3 ≤ 2/3 tooth surface; 3 = soft debris > 2/3 




Data were captured on tablet personal computers linked to a web server. Each computer was 
linked to a unique survey database, with the questionnaire consisting of a series of web pages. 
Questionnaire response options were selected accordingly and dental examination findings 
were called as codes and entered by the dental recorder. Confidentiality was ensured with the 
use of a secure Internet upload facility and participant names and addresses were not stored 
with response data. 
 
3.3.3.3 Validity and reliability 
Data validity and reliability were promoted through several methods, including interviewer 
training, dental examiner training, dental recorder training, a pilot study and a dress rehearsal.  
 
Some 39 interviewers were trained over five days, and that training included: provision, use 
and comprehension of the 2009 NZOHS manual; general survey training; and public policy 
surveying techniques. Another 23 registered dentists (a lead examiner, gold standard 
examiner and 21 examiners) were trained and calibrated over two-and-a-half days, and they 
were also given an 83-page examination protocol manual. Examiners were recalibrated if 
there was a substantial delay between training and examination commencement. Inter-
examiner reliability showed substantial to almost perfect agreement (ICCs ranged from 0.78 
to 1.00 for the examined indices). Dental recorders (trained CBG Health Research Ltd 
interviewers) received basic training in oral anatomy and epidemiology, along with a manual 
about the data collection computer system. 
 
A pilot study involving 100 participants from the NZHS06/07 re-contact database28 was 
conducted in March 2008. The pilot study included the interview and dental examination, 
identified survey-scripting problems, and allowed development of interview and examination 
scheduling processes. In February 2009, a two-week dress rehearsal tested the sample design, 
participant contacting methods, interviews and dental examinations. This identified survey 
questions that required further clarification, and confirmed that the operations and processes 
(such as IT systems) were functioning correctly. 
 
 
                                                
28 The NZHS06/07 re-contact database is defined in Section 3.4.2.2. 
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3.4 The study population 
This section describes the population of the current study, as well as the sample and target 
population of the 2009 NZOHS, and its sample design and selection process. 
 
3.4.1 The current study’s population 
This current study’s population comprised all of the adolescents (12 to 17 years old) captured 
by the 2009 NZOHS target population. This included 182 (12-14 year olds) and 172 (15-17 
year olds) adolescents, representing a total 12 to 14-year-old population of 175,887 and a total 
15 to 17-year-old population of 198,099, after survey weights were applied (described in 
Section 3.7.2.1). Therefore, the two samples represented a whole study population of 373,986 
New Zealand adolescents in 2009. 
 
3.4.2 The 2009 NZOHS sample and target population 
The target population, sample design and sample selection of the 2009 NZOHS are described 
in its Methodology Report (Ministry of Health 2010b). 
 
3.4.2.1 The target population 
The target population of the 2009 NZOHS was the same as that of the NZHS06/07, which 
was the “usually resident civilian population of all ages living in permanent private dwellings 
in New Zealand” (Ministry of Health 2010b, p. 4). At the time of the survey, that population 
approximated 4.0 million people (according to the 2006 New Zealand Census of Population 
and Dwellings). The target population comprised 94% of the normally resident New Zealand 
population, following exclusion of non-private and non-permanent dwellings. The adult 
survey’s target population included individuals 15 years old and over, and the child survey’s 





Practical reasons meant that the survey excluded a small proportion of households: those 
located in meshblocks29 containing fewer than nine occupied dwellings and those located off 
the North and South Islands of New Zealand, and Waiheke Island. Thus, the sampling frame 
comprised 98.9% of New Zealand’s permanent private dwellings. This was accounted for 
with the use of survey weights during data analysis (described in Section 3.7.2.1). 
 
3.4.2.2 Sample design and selection 
The sample design of the NZHS06/07 was developed by the Centre for Statistical and Survey 
Methodology, University of Wollongong, New South Wales, Australia. This sample design 
consisted of a “multi-stage, stratified, probability-proportional-to-size” (Ministry of Health 
2010b, p. 7) design, with “increased sampling of some ethnic groups, primarily through a 
‘screened’ sample” (Ministry of Health 2010b, p. 7). Some 1385 meshblocks were randomly 
selected, with those containing higher proportions of Māori, Pacific or Asian residents given 
slightly higher selection chance. Core sample selection involved interviewers selecting a 
random point per meshblock, knocking on every kth house’s door. Screened sample selection 
involved knocking on every jth house’s door, excluding the same meshblock’s core 
households. The k value was calculated to allow selection of approximately 9.5 core 
households per meshblock. The j value was calculated to allow selection of approximately 12 
screened households per meshblock (of those in the 10 DHBs with high concentrations of 
Māori residents); approximately 15 screened households per meshblock in other areas. 
Eligibility of participants in screened households depended on each participant identifying as 
Māori, Pacific or Asian. Households or participants were not substituted if either refused to 
participate, were unavailable or not contactable. 
 
The 2009 NZOHS sample was selected from the 84% of the NZHS06/07 sample who agreed 
to be re-contacted in the future for other health surveys (the re-contact database). All of the 
re-contact database’s Māori, Pacific and Asian participants were selected for the 2009 
NZOHS sample. Four in ten European/Other participants in the re-contact database were 
sampled. If an adult was selected for the 2009 NZOHS and a child in the same household was 
                                                
29 The smallest geographical unit for statistical reporting by Statistics New Zealand, varying in size from part of 
a city block to large areas of rural land. Each meshblock abuts another, covering all of New Zealand, its coasts 
and inlets, and the 200-mile economic zone (Statistics New Zealand 2017. Statistical standard for meshblock – 
Definition. Accessed at: http://www.stats.govt.nz/methods/classifications-and-standards/classification-related-
stats-standards/meshblock/definition.aspx on 11 February 2017). 
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also a participant in the NZHS06/07, then both the adult and child were selected for the 2009 
NZOHS sample. Participants were included in the 2009 NZOHS according to their age at the 
time of the 2009 NZOHS. 
 
Sample selection produced a total sample size of 4906 participants, 3196 of whom underwent 
a dental examination. This was drawn from the NZHS06/07 sample size of 17,409, with 8938 
selected for the 2009 NZOHS, 6173 able to be re-contacted, 4906 participated in the 
interview, 4241 agreed to have a dental examination and finally 3196 had a dental 
examination. This represented a weighted response rate for the interview of 70% for adults 
(18 years old and over) and 69% for children (2 to 17 years old)—84% for adults and 80% for 
children for the dental examination. Considering the response rates for the NZHS06/07 (68% 
for adults and 71% for children), the overall response rate for the 2009 NZOHS was 49% for 
the interview and 41% for the dental examination. According to the Ministry of Health 
(2010b), despite the relatively low response rate, there were no systematic differences in the 
survey’s key variables of interest between those who took part and those who didn’t. This 
conclusion was based on an analysis of non-response bias, which involved examining the oral 
health variables collected in the NZHS06/07, and was accounted for in the calculation of 
survey weights (described in Section 3.7.2.1). 
 
Due to the sample design, all population groups of interest (particularly Māori, Pacific and 
Asian) were represented in sufficient numbers (Ministry of Health 2010). Furthermore, the 
use of survey weights during data analysis should have ensured the representativeness of the 
outcomes and estimates. 
 
3.5 Māori consultation and approvals 
This section describes the processes and approvals undertaken to ensure culturally sensitive 
and ethical conduct of the current study. These include Māori consultation, ethics approval 






3.5.1 Māori consultation 
Consultation was undertaken with Te Rūnanga o Ngāi Tahu, informing its Research 
Consultation Committee of the current study, its aims, potential outcomes and potential areas 
of interest to or of concern for Māori. The Committee considered this research to be of 
importance to Māori, and made recommendations/suggestions in terms of analysing and 
interpreting data by ethnicity, and dissemination of the findings to relevant Māori health 
organisations (Appendix A). 
 
3.5.2 Ethics approval 
The 2009 NZOHS was granted ethics approval by the New Zealand Health and Disability 
Multiregion Ethics Committee (MEC/07/11/149), which considered research validity, harm 
minimization, confidentiality, privacy, informed consent, and cultural and social 
responsibility. The Ethics Committee also approved the wording for any public survey 
materials (such as letters, brochures, consent forms, medical history forms, questionnaires and 
reports). The current study did not require additional ethics approval because the source data 
had been de-identified/confidentialised by the Ministry of Health before the datasets were 
obtained for this study. 
 
3.5.3 Data use approval 
The 2009 NZOHS datasets were obtained in the form of electronic confidentialised unit 
record files (CURFs), with accompanying user guides and documentation, received from 
Health and Disability Intelligence, Ministry of Health, Wellington (under CURF Lead 
Institution Licence 2015-31 – Appendix B). 
 
3.6 Funding 
No ex-Departmental funding was required for this study. The investigator conducted all of the 
statistical analyses and the Department of Oral Sciences funded the STATA statistical 
software use licence. 




3.7 Data analysis 
This section describes the data analysis conducted in the current study, in terms of the 
dependent and independent variables, statistical analyses and how missing data were dealt 
with. 
 
3.7.1 Dependent and independent variables 
The dependent variables and independent variable domains30 are listed in Tables 3.2 and 3.3. 
                                                
30 ‘Independent variable domain’ in this context is not to be confused with the study’s domains of interest (the 

























































































































































































































































































































































































































































































































































































































































































































































































































The dependent variables were selected from the 2009 NZOHS datasets, if they related to the 
current study’s domains of interest. In most cases, the variables were pre-defined in the 
CURFs, otherwise the variables were generated from the dental examination data—or 
questionnaire responses for dental anxiety—available in the CURFs (such as summing the 
score for each of the four dental anxiety–related questions to generate the DAS score31). 
DMFT/dmft were calculated post hoc from the DMFS/dmfs coding for each tooth32. In the 
younger-age sample, DMFT or DMFS were combined scores (DMFT+dmft or DMFS+dmfs), 
due to some of the participants being in the mixed dentition. The occurrence of each of the 
study’s domains of interest was analysed in terms of prevalence, severity and/or extent, where 
appropriate, utilising the dependent variables listed in Tables 3.2 and 3.3.   
 
The independent variables are listed within their domains in Table 3.4. 
                                                
31 In the current study, dental anxiety was defined as a DAS score ≥13. 
32 Any surface recorded as ‘decayed’ or one with ‘recurrent caries’ indicated a decayed tooth; any surface 
recoded as ‘filled’ or ‘unsatisfactorily filled’ indicated a filled tooth; teeth were recorded as missing as part of 




Table 3.4 Independent variables within their domains 
 
Sociodemographic characteristics Oral hygiene 
Sex Plaque score (DI-S) 
Age  
Ethnicity Smoking statusc 
SES (NZDEP Index)a History of ever smoking 
Fluoridated area status Current smoking frequency 
  
Oral health status Dental visiting patterns 
Global proxy-rated oral healthb 
Global self-rated oral healthc 
Presence of persistent marks on teeth 
History of recent bleeding gums (4 weeks prior)c 
Self-perceived need for dental carec 
History of dental visit(s) in the previous 12   
months 
Reason for last dental visit 
Last dental visit for relief of painb 
Usual reason for dental visit(s)c 
 
  
Oral health impact 
History of toothache in the previous 12 monthsb 
History of recent teeth/mouth  
pain/discomfort (4 weeks prior)c 
History of avoiding eating some foods due  
to teeth/mouth problems in the previous 12  
monthsb 
History of time off work/school due to  
teeth/mouth problems in the previous 12  
months 
History of dental restorations in the previous 12  
monthsb 
History of dental extractions in the previous 12  
monthsb 
Orofacial trauma and trauma-related 
behaviour 
Contact sport playing status 
Mouthguard use (when playing contact  
sport) 
History of orofacial trauma 
Whether dental trauma sustained during  
orofacial trauma 
Type of dental trauma sustained during  
orofacial traumac 
Whether dental care sought/received for  
dental trauma 
  
Preventive care Dental disease experience 
Toothbrushing frequency Caries experience 
Interdental cleaning frequencyc Periodontal disease experience – BOPc 
History of professional dental cleaningc Periodontal disease experience – CALc 
Use of toothpaste when cleaning teeth Dental trauma experience 
  
Fluoride exposure Dental anxietyc 
Fluoride toothpaste use (strength thereof)  DAS score 
Amount of toothpaste used when brushingb  
Rinsing/spitting after brushingb  
Age first started brushing with toothpasteb  
History of fluoride drops/tablet useb  
History of fluoride mouthwash useb  
a According to NZDEP2006 – a scale of deprivation per meshblock in New Zealand (based on factors such as 
income, home ownership and employment) (Salmond et al. 2008). 
b Younger-age sample only 
c Older-age sample only 
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The independent variables arose mostly from the questionnaire responses, and these were 
occasionally recoded (such as creating a binary variable from ‘Time since last dental visit’ 
into ‘History of dental visit(s) in the previous 12 months’; or merging some of the response 
categories for ‘Rinsing/spitting after brushing’—‘Rinse and swallow’ and ‘Rinse and spit’ 
recoded as ‘Rinsing’, and ‘Just spit’ and ‘Just swallow’ recoded as ‘Spitting’). Some of the 
dependent variables served as independent variables for other domains of interest. The 
independent variables were selected based on those highlighted in previous studies, as well as 
those with theoretically plausible associations with the selected dependent variables.  
 
3.7.2 Statistical analyses 
3.7.2.1 Overview 
All of the statistical analyses were conducted by the investigator, using Stata version 14 (Stata 
Corp LLC, College Station, Texas, USA). The Stata syntax for the statistical tests conducted 
in this study is listed in Stata DO files for each of the study’s domains of interest (Appendix 
C). Population estimates were calculated at a 95% confidence interval level, with statistical 
significance set at P<0.05. 
 
Survey weights were applied prior to running each statistical test, in order to enhance the 
representativeness of the estimates. The Ministry of Health calculated the survey weights. 
These were based on an individual’s selection probability (according to ethnicity), and 
population benchmarks33 (such as age group, sex, and history of visiting a dental professional 
in the past 12 months) (Ministry of Health 2010b).  
 
As mentioned previously, the 2009 NZOHS had two separate samples—a child sample (2 to 
14 years old) and an adult sample (15 years and older), with each sample’s dataset available 
as a separate CURF. Furthermore, the questionnaires and examined dental factors differed 
slightly for each sample. In consideration of the current study’s adolescent age range (12 to 17 
years old), a younger-age sample (12 to 14 years old) and an older-age sample (15 to 17 years 
old) were created, by removing/dropping the CURF data for all of the records outside of those 
age ranges. The younger-age and older-age samples were analysed separately. 
                                                
33 From the Statistics New Zealand 2006 Census data and the NZHS06/07 data. 
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Several of the independent variables (questionnaire questions) were gated by preceding 
questions, which meant that a large proportion of the subsequent question’s responses were 
unanswered. In these cases, the gated variable was recoded to exclude the absent values, in 
order to estimate the proportions of only those who gave an affirmative response in the 
preceding question. For example, ‘Mouthguard use (when playing contact sport)’ was gated 
by ‘Contact sport playing status’; therefore, ‘Mouthguard use’ was recoded. 
 
3.7.2.2 Inferential statistics 
The population was described by running cross-tabulations of the sociodemographic 
characteristics and independent variables. Estimates were expressed as proportions 
(percentages) and confidence intervals. Statistical significance was tested using the chi-
squared test due to the categorical nature of these variables. 
 
Ethnicity was considered according to the ‘total response’ basis—if an individual reported 
more than one ethnic group, they are counted in each group reported, whereby the total 
number of ethnic group responses may then be greater than the total number of individuals 
(Statistics New Zealand 2005).  
 
Cross-tabulations were run between the dependent and independent variables to test for 
possible associations between them. The outcomes for each of the study’s domains of interest 
were calculated as the prevalence, severity and/or extent, where appropriate, of that oral 
health factor. Estimates were expressed as proportions (percentages) for categorical variables 
and means for continuous variables, along with confidence intervals. Statistical significance 
was tested using analysis of variance (ANOVA) for continuous variables, and the chi-squared 
test for categorical variables. 
 
Multivariable regression modelling was used to confirm potential associations between the 
dependent and independent variables, and to control for confounding. Initially, directed 
acyclic graphs (DAGs) were constructed for each of the study’s domains of interest 
(Appendix D), based on theoretical associations (such as those proposed in the conceptual 
model devised by Fisher-Owens et al. (2007)), those highlighted by previous research, and 
those highlighted by the bivariate analyses. The DAGs illustrate the thought processes used in 
determining how to compare the potential associations. Logistic regression modelling was 
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used in the first instance. If the resultant models had poor goodness of fit, then negative 
binomial regression modelling was used. Models were initially run by the sociodemographic 
characteristics, with other candidate variables added sequentially in subsequent models, to 
control for confounding. 
 
3.7.2.3 Missing data 
A consistent strategy was used to deal with missing data. Depending on the proportion of 
missing values, they were either included in the statistical test (if the proportion missing in the 
sample was <10%) or excluded, by recoding the variable (if the proportion missing was 
>10%). In some instances, the statistical software automatically omitted the missing values—
if the proportion of missing values was very small (<1.0%), or if the variable had been 
recoded for reasons other than missing values (such as creating a binary variable, or merging 
variable response categories). 
 
Several of the questions in the survey questionnaires allowed ‘Don’t know’ or ‘Refused’ as a 
response. When this occurred, the responses were recoded to the variable’s default category, 
or the sample’s majority/highest proportion category if a default category did not exist. For 
example, for ‘History of orofacial trauma’, the ‘Don’t’ know’ responses were recoded to the 
default (‘No’) category, because it was presumed an individual/caregiver would recall a 
previous orofacial trauma incident(s). 
 
The proportion missing in each analysis and the details of variable recoding are noted in the 
footnotes of each table in the Results Chapter. 
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This chapter presents the results from the cross-sectional data analyses of the adolescent–aged 
population from the 2009 NZOHS. 
 
As mentioned previously, there were different age cut-offs for the child and adult 
questionnaires in the 2009 NZOHS; thus, the results for the two separate adolescent–aged 
samples (younger-age sample and older-age sample) will be presented separately. 
 
In some of the table titles, the original variable name (question in the 2009 NZOHS 
questionnaire) is given in the interests of accountability/reference to the original data. 
 
The majority of the estimated confidence intervals are wide, and so in the analysis, the point 
estimate for each comparison was compared to the confidence interval of the 'All combined' 
value. If the point estimate lay outside the confidence interval, then it was considered that 
there was a difference. Differences <1.0 (for values >10) and <0.1 (for values <10) were 
considered to be un-noteworthy.  
 
Unless stated otherwise, reported differences are not statistically significant. 
 
 
4.1 The younger-age population (12 to 14 years old) 
This section presents the results from the cross-sectional data analyses of the younger-age 
population (12 to 14 years old) from the 2009 NZOHS. 
 
All of the presented 12- to 14-year-old data were by proxy report. Just over one-quarter (28%) 
of the younger-age sample did not complete the child response module, and so only the 
proxy-report data will be presented. 
 
As mentioned previously, periodontal disease and dental anxiety were not assessed in the 
younger-age sample of the 2009 NZOHS. 
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4.1.1 Population description 
The following section describes the younger-age population in terms of sociodemographic 
characteristics, oral health status and impact thereof, preventive care behaviours and fluoride 
exposure, dental visiting patterns, and orofacial trauma and trauma-related behaviour. 
 
4.1.1.1 Sociodemographic characteristics 
The population’s sociodemographic characteristics are presented in Tables 4.1 to 4.5. 
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Table 4.1 Sex by sociodemographic characteristics – population percentage estimates (data 
are row percentages; brackets contain 95% C.I.) 
 
 Sex 
 Female Male 
Age group   
12 42.5 (27.4, 59.1) 57.5 (40.9, 72.6) 
13 55.7 (37.1, 72.8) 44.3 (27.2, 62.9) 
14 53.8 (35.6, 71.0) 46.2 (29.0, 64.4) 
Ethnic group    
Māori 48.4 (38.3, 58.6) 51.6 (41.4, 61.7) 
Pacific 54.9 (41.4, 67.6) 45.1 (32.4, 58.6) 
Asian 31.7 (13.6, 57.8) 68.3 (42.2, 86.4) 
European/Other 50.0 (41.3, 58.7) 50.0 (41.3, 58.7) 
Deprivation quintile   
1 (least deprived) 37.4 (15.1, 66.6) 62.6 (33.4, 84.9) 
2 62.2 (40.0, 80.2) 37.8 (19.8, 60.0) 
3 40.5 (20.9, 63.7) 59.5 (36.3, 79.1) 
4 60.5 (38.0, 79.3) 39.5 (20.7, 62.0) 
5 (most deprived) 55.9 (36.8, 73.5) 44.1 (26.5, 63.2) 
Fluoridated area status   
Fluoridated 54.9 (40.9, 68.2) 45.1 (31.8, 59.1) 
Non-fluoridated 45.8 (33.5, 58.6) 54.2 (41.4, 66.5) 
   
All combined 49.8 (42.8, 56.9) 50.2 (43.1, 57.2) 
   
 
 
The proportions of males and females in the population were roughly the same, and there 





Table 4.2 Age by sociodemographic characteristics – population percentage estimates (data 
are row percentages; brackets contain 95% C.I.) 
 
 Age group 
 12 13 14 
Sex    
Female 33.9 (20.7, 50.2) 31.7 (18.9, 47.9) 34.4 (20.8, 51.2) 
Male 45.6 (32.3, 59.4) 25.0 (14.6, 39.4) 29.4 (16.6, 46.5) 
Ethnic group     
Māori 41.2 (29.4, 54.0) 20.4 (11.8, 32.9) 38.4 (25.1, 53.7) 
Pacific 31.5 (17.3, 50.2) 41.3 (26.1, 58.5) 27.1 (13.9, 46.3) 
Asian 35.9 (16.8, 60.9) 31.6 (14.4, 56.0) 32.5 (15.8, 55.1) 
European/Other 41.9 (29.5, 55.4) 27.8 (18.3, 39.9) 30.3 (19.0, 44.5) 
Deprivation quintile    
1 (least deprived) 34.8 (13.1, 65.5) 33.6 (12.7, 63.8) 31.6 (11.6, 61.8) 
2 41.0 (24.1, 60.3) 27.2 (11.9, 50.9) 31.8 (15.7, 53.8) 
3 43.0 (21.5, 67.4) 22.3 (7.3, 51.3) 34.7 (15.2, 61.1) 
4 42.7 (12.3, 79.8) 20.4 (9.7, 37.8) 37.0 (13.5, 68.7) 
5 (most deprived) 36.1 (19.8, 56.3) 38.8 (22.0, 58.8) 25.1 (12.4, 44.3) 
Fluoridated area status    
Fluoridated 48.4 (31.6, 65.5) 23.3 (12.6, 39.2) 28.3 (16.4, 44.3) 
Non-fluoridated 33.0 (21.7, 46.6) 32.3 (20.9, 46.2) 34.8 (21.5, 50.9) 
    
All combined 39.8 (29.9, 50.5) 28.3 (20.3, 38.1) 31.9 (22.2, 43.5) 
    
 
 
The greatest proportion of the population was 12 years old, and there were lower and almost 
equal proportions in the 13- and 14-year-old groups. There were age group differences by 







































































































































































































































































































































































































































































































































































































































































The greatest proportion of the population identified as European/Other (about four times 
greater than Māori, eight times greater than Pacific, and twenty times greater than Asian), 
followed by Māori, Pacific and the lowest proportion as Asian. There were ethnic group 
differences by SES and fluoridated area status. Significantly greater proportions of those who 
resided in the more deprived neighbourhoods (deprivation quintiles 4 to 5), whereas 
significantly lower proportions of those who resided in the lesser deprived neighbourhoods 
(quintiles 1 to 3), identified as Māori, Pacific or Asian (to a lesser extent in the latter ethnic 
group). None of those who resided in the least deprived neighbourhoods identified as Asian 
(statistically significant), whereas a significantly lower proportion of those who resided in the 
most deprived neighbourhoods identified as European/Other. A greater proportion of those 























































































































































































































































































































































































































































































































































































































































































































































Almost equal proportions of the population resided in the least and most deprived 
neighbourhoods, and there was a gradient of greater proportions from deprivation quintiles 1 
to 3 (the greatest proportion in the latter), but the lowest proportion in quintile 4. There were 
SES differences by ethnicity. A significantly greater proportion of those who identified as 
Pacific resided in the most deprived neighbourhoods (approximately three to four times 
greater than the overall and other ethnic group proportions), and there were also significantly 
greater proportions of those who identified as Māori or Asian who resided in the more 
deprived neighbourhoods (quintiles 4 to 5). There were significantly lower proportions of 
those who identified as Pacific or Māori who resided in the lesser-deprived neighbourhoods 
(quintiles 1 to 3). None of those who identified as Asian resided in the least deprived 
neighbourhoods (statistically significant), and a significantly lower proportion of those who 
identified as European/Other resided in the most deprived neighbourhoods. 
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Table 4.5 Fluoridated area status by sociodemographic characteristics – population 
percentage estimates (data are row percentages; brackets contain 95% C.I.) 
 
 Fluoridated area status 
 Fluoridated Non-fluoridated 
Sex   
Female 48.6 (33.2, 64.3) 51.4 (35.7, 66.8) 
Male 39.6 (25.3, 56.0) 60.4 (44.0, 74.7) 
Age group   
12 53.7 (35.2, 71.2) 46.3 (28.8, 64.8) 
13 36.3 (19.1, 58.0) 63.7 (42.0, 80.9) 
14 39.1 (23.6, 57.2) 60.9 (42.8, 76.4) 
Ethnic group    
Māori 47.2 (31.6, 63.4) 52.8 (36.6, 68.4) 
Pacific 73.0 (54.0, 86.1) 27.0 (13.9, 46.0)a 
Asian 64.0 (42.1, 81.3) 36.0 (18.7, 57.9) 
European/Other 42.8 (29.9, 56.7) 57.2 (43.3, 70.1) 
Deprivation quintile   
1 (least deprived) 33.2 (11.5, 65.6) 66.8 (34.4, 88.5) 
2 31.9 (14.0, 57.3) 68.1 (42.7, 86.0) 
3 36.0 (16.5, 61.5) 64.0 (38.5, 83.5) 
4 81.0 (54.2, 93.9) 19.0 (6.1, 45.8) 
5 (most deprived) 64.1 (41.7, 81.7) 35.9 (18.3, 58.3) 
   
All combined 44.1 (33.2, 55.6) 55.9 (44.4, 66.8) 
   
a P<0.05 
 
Just under half of the population resided in fluoridated areas, and there were fluoridated area 
status differences by ethnicity and SES. A greater proportion of those who identified as Asian, 
and a significantly greater proportion of those who identified as Pacific, resided in fluoridated 
areas (the greatest proportion in the Pacific ethnic group). Greater proportions of those who 




4.1.1.2 Oral health status 
The following section presents data on the population’s proxy-reported oral health status. 
 
4.1.1.2.1 Global proxy-rated oral health 
Data on the population’s global proxy-rated oral health are presented by sociodemographic 
characteristics in Table 4.6. 
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Table 4.6 Global proxy-rated oral health (OHSQ1) by sociodemographic characteristics – 
population percentage estimates (data are row percentages; brackets contain 95% C.I.) 
 
 Global proxy-rated oral health 
 Good Fair/Poor 
Sex   
Female 89.1 (71.5, 96.4) 10.9 (3.6, 28.5) 
Male 78.4 (62.3, 88.9) 21.6 (11.1, 37.7) 
Age group    
12 73.8 (50.8, 88.5) 26.2 (11.5, 49.2)a 
13 94.4 (85.8, 98.0)   5.6 (2.0, 14.2) 
14 86.6 (72.3, 94.1) 13.4 (5.9, 27.7) 
Ethnic group    
Māori 87.4 (75.2, 94.1) 12.6 (5.9, 24.8) 
Pacific 78.2 (57.0, 90.7) 21.8 (9.3, 43.0) 
Asian 82.9 (60.6, 93.9) 17.1 (6.1, 39.4) 
European/Other 83.7 (69.9, 91.9) 16.3 (8.1, 30.1) 
Deprivation quintile   
1 (least deprived) 92.6 (56.8, 99.2)   7.4 (0.8, 43.2) 
2 81.1 (57.4, 93.2) 18.9 (6.8, 42.6) 
3 79.0 (46.7, 94.2) 21.0 (5.8, 53.3) 
4 95.8 (69.9, 99.5)   4.2 (0.5, 30.1) 
5 (most deprived) 79.6 (59.6, 91.2) 20.4 (8.8, 40.4) 
Fluoridated area status   
Fluoridated 83.4 (66.0, 92.9) 16.6 (7.1, 34.0) 
Non-fluoridated 84.0 (68.2, 92.7) 16.0 (7.3, 31.8) 
   
All combined 83.7 (72.9, 90.8) 16.3 (9.2, 27.1) 
   
a P<0.05  
% missing = 0.3% (of the sample) (very small %, software omitted missing values in the survey analysis) 
% ‘Don’t Know’ = 1.0% (of the sample), recoded to the sample majority (‘Good’) category 
 
 
Just over four-fifths of the population had good global proxy-rated oral health (approximately 
five times greater than the proportion rated as fair/poor), and there were differences by age, 
whereby a significantly greater proportion of the 13-year-olds’ oral health was rated as good. 
Differences by SES did not follow a clear gradient. 
 
 
4.1.1.2.2 Presence of persistent marks on teeth 
Data on the presence of persistent marks on the teeth are presented by sociodemographic 




Table 4.7 Presence of persistent marks on teeth (OHSQ7) by sociodemographic 
characteristics – population percentage estimates (data are row percentages; brackets contain 
95% C.I.) 
 
 Presence of persistent marksa on teeth 
 Yes No 
Sex   
Female 22.6 (11.6, 39.3) 77.4 (60.7, 88.4) 
Male 23.2 (12.9, 38.0) 76.8 (62.0, 87.1) 
Age group    
12 29.1 (15.0, 48.8) 70.9 (51.2, 85.0) 
13 18.9 (7.9, 38.8) 81.1 (61.2, 92.1) 
14 18.6 (8.5, 36.0) 81.4 (64.0, 91.5) 
Ethnic group    
Māori 20.6 (11.2, 34.8) 79.4 (65.2, 88.8) 
Pacific 20.5 (8.8, 41.0) 79.5 (59.0, 91.2) 
Asian 34.5 (15.5, 60.1) 65.5 (39.9, 84.5) 
European/Other 24.0 (14.8, 36.5) 76.0 (63.5, 85.2) 
Deprivation quintile   
1 (least deprived) 31.5 (11.6, 61.7) 68.5 (38.3, 88.4) 
2 28.3 (12.0, 53.3) 71.7 (46.7, 88.0) 
3 20.2 (7.4, 44.7) 79.8 (55.3, 92.6) 
4 11.3 (2.2, 41.4) 88.7 (58.6, 97.8) 
5 (most deprived) 18.1 (9.0, 32.9) 81.9 (67.1, 91.0) 
Fluoridated area status   
Fluoridated 28.5 (16.0, 45.6) 71.5 (54.4, 84.0) 
Non-fluoridated 18.4 (9.9, 31.8) 81.6 (68.2, 90.1) 
   
All combined 22.9 (15.1, 33.0) 77.1 (67.0, 84.9) 
   
a Marks that won’t brush off 
% missing = 0.3% (of the sample) (very small %, software omitted missing values in the survey analysis) 




Just over three-quarters of the population did not have persistent marks on their teeth 
(approximately three times greater than the proportion that had persistent marks), and there 
were differences by ethnicity, whereby a slightly greater proportion of those who identified as 









4.1.1.3 Oral health impact 
The following section presents data on the impact of the population’s oral health. 
 
4.1.1.3.1 Toothache 
Data on the population’s history of toothache in the previous 12 months are presented by 
sociodemographic characteristics in Table 4.8. 
 
 
Table 4.8 History of toothache in the previous 12 months (OHSQ12) by sociodemographic 
characteristics – population percentage estimates (data are row percentages; brackets contain 
95% C.I.) 
 
 History of toothache in the previous 12 months 
 Yes No 
Sex   
Female 11.9 (4.3, 28.9) 88.1 (71.1, 95.7) 
Male 28.0 (16.0, 44.4) 72.0 (55.6, 84.0) 
Age group    
12 28.5 (14.4, 48.7) 71.5 (51.3, 85.6) 
13 18.0 (5.4, 45.6) 82.0 (54.4, 94.6) 
14 11.0 (3.9, 27.5) 89.0 (72.5, 96.1) 
Ethnic group    
Māori 17.5 (9.2, 30.8) 82.5 (69.2, 90.8) 
Pacific   7.6 (2.7, 19.4) 92.4 (80.6, 97.3)a 
Asian 20.5 (7.9, 43.7) 79.5 (56.3, 92.1) 
European/Other 22.3 (13.3, 35.0) 77.7 (65.0, 86.7)a 
Deprivation quintile   
1 (least deprived) 15.3 (4.1, 43.1) 84.7 (56.9, 95.9) 
2 18.7 (7.0, 41.1) 81.3 (58.9, 93.0) 
3 31.1 (12.4, 59.1) 68.9 (40.9, 87.6) 
4 22.2 (10.5, 41.0) 77.8 (59.0, 89.5) 
5 (most deprived)   6.5 (2.7, 14.9) 93.5 (85.1, 97.3) 
Fluoridated area status   
Fluoridated 16.4 (6.8, 34.5) 83.6 (65.5, 93.2) 
Non-fluoridated 22.8 (12.3, 38.2) 77.2 (61.8, 87.7) 
   
All combined 20.0 (12.4, 30.6) 80.0 (69.4, 87.6) 
   
a P<0.05  
% missing = 0.3% (of the sample) (very small %, software omitted missing values in the survey analysis) 






Four-fifths of the population had not had toothache in the previous 12 months (four times 
greater than the proportion that had toothache), and there were differences by sex, age and 
ethnicity. A greater proportion of the females, 14-year-olds, or those who resided in the most 
deprived neighbourhoods, whereas a significantly lower proportion of those who identified as 
Pacific, had a history of toothache in the previous 12 months. Differences by SES did not 
follow a clear gradient.  
 
  
4.1.1.3.2 Avoiding eating some foods 
Data on the population’s history of avoiding eating some foods due to teeth/mouth problems 
in the previous 12 months are presented by sociodemographic characteristics in Table 4.9. 
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Table 4.9 History of avoiding eating some foods due to teeth/mouth problems in the previous 
12 months (OHSQ13) by sociodemographic characteristics – population percentage estimates 
(data are row percentages; brackets contain 95% C.I.) 
 
 History of avoiding eating some foods due to teeth/mouth 
problems in the previous 12 months 
 Yes No 
Sex   
Female   9.3 (5.0, 16.5) 90.7 (83.5, 95.0) 
Male 16.3 (7.9, 30.8) 83.7 (69.2, 92.1) 
Age group    
12 16.0 (7.7, 30.4) 84.0 (69.6, 92.3) 
13 16.5 (6.1, 37.4) 83.5 (62.6, 93.9) 
14   5.6 (2.0, 14.4) 94.4 (85.6, 98.0) 
Ethnic group    
Māori 13.2 (6.6, 24.8) 86.8 (75.2, 93.4) 
Pacific 20.5 (10.0, 37.6) 79.5 (62.4, 90.0) 
Asian 15.2 (4.3, 41.8) 84.8 (58.2, 95.7) 
European/Other 12.7 (7.1, 21.6) 87.3 (78.4, 92.9) 
Deprivation quintile   
1 (least deprived) 25.7 (8.1, 57.4) 74.3 (42.6, 91.9) 
2 17.4 (7.1, 37.0) 82.6 (63.0, 92.9) 
3   3.8 (1.4, 9.6) 96.2 (90.4, 98.6) 
4 15.2 (4.3, 42.0) 84.8 (58.0, 95.7) 
5 (most deprived)   7.8 (3.4, 17.0) 92.2 (83.0, 96.6) 
Fluoridated area status   
Fluoridated   7.0 (3.7, 13.0) 93.0 (87.0, 96.3)a 
Non-fluoridated 17.4 (9.1, 30.5) 82.6 (69.5, 90.9) 
   
All combined 12.8 (8.0, 19.9) 87.2 (80.1, 92.0) 
   
a P<0.05  
% missing = 0.3% (of the sample) (very small %, software omitted missing values in the survey analysis) 




Almost nine-tenths of the population did not have a history of avoiding eating some foods due 
to teeth/mouth problems in the previous 12 months (almost seven times greater than the 
proportion that had an avoidance history), and there were differences by age, ethnicity and 
fluoridated area status. A greater proportion of those who identified as Pacific, whereas a 
lower proportion of the 14-year-olds, and a significantly lower proportion of those who 
resided in fluoridated areas, had a history of avoiding eating some foods. Differences by SES 





4.1.1.3.3 Time off work/school 
Data on the population’s history of time off work/school due to teeth/mouth problems in the 
previous 12 months are presented by sociodemographic characteristics in Table 4.10. 
 
 
Table 4.10 History of time off work/school due to teeth/mouth problems in the previous 12 
months (OHSQ16) by sociodemographic characteristics – population percentage estimates 
(data are row percentages; brackets contain 95% C.I.) 
 
 History of time off work/school due to teeth/mouth problems 
in the previous 12 months 
 Yes No 
Sex   
Female 17.3 (7.9, 33.9) 82.7 (66.1, 92.1) 
Male 18.4 (8.3, 35.7) 81.6 (64.3, 91.7) 
Age group    
12 15.7 (6.1, 34.8) 84.3 (65.2, 93.9)a 
13 33.6 (15.2, 58.9) 66.4 (41.1, 84.8) 
14   6.6 (2.6, 15.7) 93.4 (84.3, 97.4) 
Ethnic group    
Māori 16.4 (8.5, 29.3) 83.6 (70.7, 91.5) 
Pacific   7.5 (1.8, 26.2) 92.5 (73.8, 98.2) 
Asian 23.1 (9.6, 45.9) 76.9 (54.1, 90.4) 
European/Other 19.0 (10.4, 32.3) 81.0 (67.7, 89.6) 
Deprivation quintile   
1 (least deprived) 39.0 (15.2, 69.4) 61.0 (30.6, 84.8) 
2 14.3 (5.0, 34.8) 85.7 (65.2, 95.0) 
3 20.0 (5.9, 50.1) 80.0 (49.9, 94.1) 
4   6.7 (1.7, 23.2) 93.3 (76.8, 98.3) 
5 (most deprived)   4.1 (1.4, 11.2) 95.9 (88.8, 98.6) 
Fluoridated area status   
Fluoridated   9.5 (3.1, 26.1) 90.5 (73.9, 96.9) 
Non-fluoridated 24.4 (13.1, 40.9) 75.6 (59.1, 86.9) 
   
All combined 17.9 (10.7, 28.4) 82.1 (71.6, 89.3) 
   
a P<0.05  
% missing = 0.3% (of the sample) (very small %, software omitted missing values in the survey analysis) 
% ‘Don’t Know’ = 0.3% (of the sample), recoded to the default (‘No’) category 
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Just over four-fifths of the population had not had time off work/school due to teeth/mouth 
problems in the previous 12 months (approximately 4.5 times greater than the proportion that 
had time off), and there were differences by age, ethnicity, SES and fluoridated area status. A 
significantly greater proportion of the 13-year-olds, and a greater proportion of those who 
resided in the least deprived neighbourhoods, had time off work/school. Conversely, a 
significantly lower proportion of the 14-year-olds, and lower proportions of those who 
identified as Pacific, those who resided in the more deprived neighbourhoods (deprivation 
quintiles 4 to 5), or those who resided in fluoridated areas, had time off work/school. 
 
 
4.1.1.3.4 Recent dental restorations 
Data on the population’s history of dental restorations in the previous 12 months are presented 
by sociodemographic characteristics in Table 4.11. 
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Table 4.11 History of dental restorations in the previous 12 months (OHSQ10) by 
sociodemographic characteristics – population percentage estimates (data are row 
percentages; brackets contain 95% C.I.) 
 
 History of dental restorations in the previous 12 months 
 Yes No 
Sex   
Female 22.5 (12.5, 37.1) 77.5 (62.9, 87.5) 
Male 32.9 (19.8, 49.3) 67.1 (50.7, 80.2) 
Age group    
12 42.5 (26.0, 60.8) 57.5 (39.2, 74.0)a 
13 23.6 (8.7, 50.0) 76.4 (50.0, 91.3) 
14 13.0 (6.1, 25.7) 87.0 (74.3, 93.9) 
Ethnic group    
Māori 33.2 (20.7, 48.6) 66.8 (51.4, 79.3) 
Pacific 40.2 (22.4, 61.0) 59.8 (39.0, 77.6) 
Asian 46.2 (24.9, 68.9) 53.8 (31.1, 75.1) 
European/Other 24.4 (14.3, 38.4) 75.6 (61.6, 85.7) 
Deprivation quintile   
1 (least deprived) 17.9 (6.0, 42.8) 82.1 (57.2, 94.0) 
2 25.3 (12.3, 45.0) 74.7 (55.0, 87.7) 
3 36.5 (14.8, 65.5) 63.5 (34.5, 85.2) 
4 19.3 (5.7, 48.5) 80.7 (51.5, 94.3) 
5 (most deprived) 30.5 (16.2, 49.8) 69.5 (50.2, 83.8) 
Fluoridated area status   
Fluoridated 32.1 (19.1, 48.5) 67.9 (51.5, 80.9) 
Non-fluoridated 24.3 (13.6, 39.5) 75.7 (60.5, 86.4) 
   
All combined 27.7 (18.9, 38.7) 72.3 (61.3, 81.1) 
   
a P<0.05  
% missing = 0.3% (of the sample) (very small %, software omitted missing values in the survey analysis) 
% ‘Don’t Know’ = 3.8% (of the sample), recoded to the default (‘No’) category 
 
 
Just under three-quarters of the population had not had dental restorations in the previous 12 
months (approximately 2.5 times greater than the proportion that had), and there were 
differences by age, ethnicity and SES. A significantly greater proportion of the 12-year-olds, 
and greater proportions of those who identified as Pacific or Asian (the greatest proportion in 
the Asian ethnic group), had a history of dental restorations in the previous 12 months. 
Conversely, a significantly lower proportion of the 14-year-olds, and a slightly lower 
proportion of those who resided in the least deprived neighbourhoods, had a history of dental 






4.1.1.3.5 Recent dental extractions 
Data on the population’s history of dental extractions (due to caries or infection) in the 
previous 12 months are presented by sociodemographic characteristics in Table 4.12. 
 
 
Table 4.12 History of dental extractions in the previous 12 months (OHSQ11) by 
sociodemographic characteristics – population percentage estimates (data are row 
percentages; brackets contain 95% C.I.) 
 
 History of dental extractionsa in the previous 12 months 
 Yes No 
Sex   
Female 0.5 (0.1, 2.0)   99.5 (98.0, 99.9) 
Male 3.1 (0.5, 15.6)   96.9 (84.4, 99.5) 
Age group    
12 3.2 (0.4, 21.3)   96.8 (78.7, 99.6) 
13 1.8 (0.5, 7.0)   98.2 (93.0, 99.5) 
14 0.0  100.0  
Ethnic group    
Māori 0.5 (0.1, 3.9)   99.5 (96.1, 99.9) 
Pacific 3.5 (0.7, 15.3)   96.5 (84.7, 99.3) 
Asian 0.0  100.0  
European/Other 1.7 (0.3, 10.4)   98.3 (89.6, 99.7) 
Deprivation quintile   
1 (least deprived) 0.0  100.0  
2 5.4 (0.6, 32.9)   94.6 (67.1, 99.4) 
3 0.0  100.0  
4 1.1 (0.1, 8.9)   98.9 (91.1, 99.9) 
5 (most deprived) 2.3 (0.5, 10.4)   97.7 (89.6, 99.5) 
Fluoridated area status   
Fluoridated 0.9 (0.2, 4.5)   99.1 (95.5, 99.8) 
Non-fluoridated 2.4 (0.4, 14.9)   97.6 (85.1, 99.6) 
   
All combined 1.8 (0.4, 7.6)   98.2 (92.4, 99.6) 
   
a Due to caries or infection 
% missing = 0.3% (of the sample) (very small %, software omitted missing values in the survey analysis) 
% ‘Don’t Know’ = 0.7% (of the sample), recoded to the default (‘No’) category 
 
 
Almost all of the population had not had dental extractions (due to caries or infection) in the 
previous 12 months, and there were differences by age and ethnicity. None of the 14-year-
olds, or those who identified as Asian, had dental extractions in the previous 12 months. 
Differences by SES did not follow a clear gradient. 
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4.1.1.4 Preventive care and fluoride exposure 
The following section presents data on the population’s preventive care behaviours and 
exposure to fluoride. 
 
4.1.1.4.1 Toothbrushing frequency 
Data on the population’s toothbrushing frequency are presented by sociodemographic 


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   
   






























































The greatest proportion and almost half of the population brushed their teeth twice daily, 
whereas one-third brushed once daily, approximately one-fifth brushed rarely (less than daily) 
and only a few brushed more than twice daily. There were toothbrushing frequency 
differences by age and ethnicity. None of those who identified as Māori, whereas greater 
proportions of those who identified as Asian, brushed more than twice daily. A significantly 
lower proportion of the 12-year-olds, and lower proportions of those who identified as Māori, 
whereas a significantly greater proportion of the 13-year-olds, and greater proportions of 
those who identified as Asian, brushed twice daily. A lower proportion of those who 
identified as Asian brushed only once daily. A significantly lower proportion of the 13-year-
olds, and lower proportions of those who identified as Pacific or Asian, brushed their teeth 
only rarely. Differences by SES did not follow a clear gradient. 
 
 
4.1.1.4.2 Toothpaste use when cleaning teeth 
Data on the population’s use of toothpaste when cleaning their teeth are presented by 




Table 4.14 Toothpaste use when cleaning teeth (OHSQ26) by sociodemographic 
characteristics – population percentage estimates (data are row percentages; brackets contain 
95% C.I.) 
 
 Toothpaste use when cleaning teeth 
 Always Sometimes Missing 
Sex    
Female   96.8 (80.8, 99.5)   3.0 (0.4, 20.1) 0.2 (0.0, 1.7) 
Male   89.5 (70.9, 96.8)   8.8 (2.2, 29.3) 1.7 (0.2, 11.9) 
Age group     
12   96.0 (81.1, 99.3)   4.0 (0.7, 18.9) 0.0  
13   84.7 (50.4, 96.8) 15.3 (3.2, 49.6) 0.0  
14   97.0 (83.4, 99.5)   0.0  3.0 (0.5, 16.6) 
Ethnic group     
Māori   98.2 (92.3, 99.6)   1.2 (0.2, 8.7) 0.5 (0.1, 4.0) 
Pacific 100.0    0.0  0.0  
Asian   98.2 (87.3, 99.8)   1.8 (0.2, 12.7) 0.0  
European/Other   91.8 (78.8, 97.1)   7.0 (2.1, 21.0) 1.2 (0.2, 6.9) 
Deprivation quintile    
1 (least deprived) 100.0    0.0  0.0  
2   83.7 (58.0, 95.0) 12.7 (3.1, 40.2) 3.6 (0.4, 23.6) 
3   90.4 (52.0, 98.8)   9.6 (1.2, 48.0) 0.0  
4 100.0    0.0  0.0  
5 (most deprived)   99.4 (95.4, 99.9)   0.0  0.6 (0.1, 4.6) 
Fluoridated area status    
Fluoridated   97.0 (81.7, 99.6)   3.0 (0.4, 18.3) 0.0  
Non-fluoridated   90.1 (72.0, 97.0)   8.2 (2.0, 28.5) 1.7 (0.3, 9.9) 
    
All combined   93.1 (82.6, 97.5)   5.9 (1.9, 17.2) 1.0 (0.2, 5.6) 
    
% missing = 1.7% (of the sample)   
% ‘Don’t Know’ = 0.3% (of the sample), recoded to the sample majority (‘Always’) category 
 
 
Just over nine-tenths of the population always used toothpaste when they cleaned their teeth 
(approximately sixteen times greater than the proportion that did not use toothpaste), and 
there was a difference by ethnicity, whereby all of those who identified as Pacific always used 
toothpaste. Differences by SES did not follow a clear gradient. 
 
 
4.1.1.4.3 Rinsing/spitting after brushing 
Data on whether the population rinsed or spat after brushing are presented by 




Table 4.15 Rinsing/spitting after brushing (OHSQ29) by sociodemographic characteristics – 
population percentage estimates (data are row percentages; brackets contain 95% C.I.) 
 
 Rinsing/spitting after brushing 
 Rinsinga Spittingb Missing  
Sex    
Female 79.3 (62.4, 89.8) 20.5 (10.0, 37.4) 0.2 (0.0, 1.7) 
Male 77.4 (62.1, 87.7) 20.9 (11.0, 36.3) 1.7 (0.2, 11.9) 
Age group     
12 79.2 (58.3, 91.2) 20.8 (8.8, 41.7) 0.0  
13 80.8 (56.9, 93.0) 19.2 (7.0, 43.1) 0.0  
14 75.1 (53.7, 88.7) 21.9 (9.4, 43.1) 3.0 (0.5, 16.6) 
Ethnic group     
Māori 72.4 (55.7, 84.5) 27.1 (14.9, 44.0) 0.5 (0.1, 4.0) 
Pacific 91.4 (76.7, 97.2)   8.6 (2.8, 23.3) 0.0  
Asian 90.8 (64.8, 98.2)   9.2 (1.8, 35.2) 0.0  
European/Other 76.0 (63.1, 85.4) 22.9 (13.6, 35.8) 1.2 (0.2, 6.9) 
Deprivation quintile    
1 (least deprived) 71.0 (39.5, 90.2) 29.0 (9.8, 60.5) 0.0  
2 80.6 (54.5, 93.5) 15.8 (4.4, 43.5) 3.6 (0.4, 23.6) 
3 79.1 (49.6, 93.6) 20.9 (6.4, 50.4) 0.0  
4 83.3 (64.0, 93.3) 16.7 (6.7, 36.0) 0.0  
5 (most deprived) 78.8 (54.4, 92.0) 20.6 (7.5, 45.5) 0.6 (0.1, 4.6) 
Fluoridated area status    
Fluoridated 75.9 (58.7, 87.5) 24.1 (12.5, 41.3) 0.0  
Non-fluoridated 80.3 (63.3, 90.5) 18.0 (8.4, 34.7) 1.7 (0.3, 9.9) 
    
All combined 78.4 (67.8, 86.2) 20.7 (13.1, 31.1) 1.0 (0.2, 5.6) 
    
a ‘Rinse and swallow’, ‘Rinse and spit’ recoded as ‘Rinsing’ 
b ‘Just spit’, ‘Just swallow’ recoded as ‘Spitting’ 
% missing = 1.7% (of the sample) 
% ‘Don’t Know’ = 8.3% (of the sample), recoded to the sample majority (‘Rinsing’) category 
 
 
Almost four-fifths of the population rinsed (rather than just spat) after brushing their teeth 
(approximately four times greater than the proportion that just spat after brushing), and there 
were differences by ethnicity. Greater proportions of those who identified as Pacific or Asian 









4.1.1.4.4 Age first started brushing with toothpaste 
Data on the age that the population first started brushing with toothpaste are presented by 



























































































































































































































































































































































































































































































































































































































































































































































































































Almost nine-tenths of the population started brushing with toothpaste from 1 to 5 years old 
(almost seven times greater than the proportion who started brushing with toothpaste from 6 
years or older), whereas one in ten started brushing with toothpaste from 6 to 11 years old, 
and only a few from 12 years or older. There were differences in the age of first brushing with 
toothpaste by sex, age, ethnicity and fluoridated area status. A slightly greater proportion of 
those who identified as Pacific started brushing with toothpaste from 6 to 11 years old. None 
of the males, 12- or 13-year-olds, those who identified as Māori, Pacific or Asian, or those 
who resided in non-fluoridated areas, started brushing with toothpaste from 12 years or older. 
Differences by SES did not follow a clear gradient. 
 
 
4.1.1.4.5 Fluoride toothpaste use 
Data on the strength of fluoride toothpaste that the population used are presented by 


























































































































































































































































































































































































































































































































































































































































































































































































Almost all of the population used 1000ppm fluoride toothpaste, whereas only a few used 400 
to 500ppm, and very few used non-fluoride toothpaste. There were differences in the strength 
of fluoride toothpaste used by age and ethnicity. A significantly greater proportion of those 
who identified as Pacific used 400 to 500ppm fluoride toothpaste (a slightly lower but 
statistically significant proportion of this ethnic group used 1000ppm fluoride toothpaste). 
None of the 14-year-olds, or those who identified as Asian, used 400 to 500ppm fluoride 
toothpaste. None of the 13-year-olds, or those who identified as Pacific, used non-fluoride 
toothpaste. Differences by SES did not follow a clear gradient. 
 
 
4.1.1.4.6 Amount of toothpaste used 
Data on the amount of toothpaste used when brushing are presented by sociodemographic 





















































































































































































































































































































































































































































































































































































































































































































































































































































































































Almost equal proportions of the population used a pea-size or full brush amount of toothpaste 
when brushing, whereas a lower proportion used a smear of toothpaste, and there were 
differences by age, ethnicity and SES. A significantly greater proportion of those who 
identified as Māori, greater proportions of those who identified as Pacific or Asian, and a 
considerably greater proportion of those who resided in the most deprived neighbourhoods 
(approximately two times greater than the overall and other deprivation quintile proportions), 
used a full brush of toothpaste when brushing. Conversely, a lower proportion of the 13-year-
olds used a full brush of toothpaste. A considerably lower proportion of those who resided in 
the most deprived neighbourhoods (approximately six to eight times lower) used a pea-size 




4.1.1.4.7 History of fluoride drops/tablet use 
Data on the population’s history of fluoride drops/tablet use are presented by 
sociodemographic characteristics in Table 4.19. 
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Table 4.19 History of fluoride drops/tablet use (OHSQ33) by sociodemographic 
characteristics – population percentage estimates (data are row percentages; brackets contain 
95% C.I.) 
 
 History of fluoride drops/tablet use 
 Yes No 
Sex   
Female 27.9 (14.5, 46.9) 72.1 (53.1, 85.5) 
Male 10.0 (3.5, 25.1) 90.0 (74.9, 96.5) 
Age group    
12 22.6 (9.7, 44.1) 77.4 (55.9, 90.3) 
13 14.6 (3.7, 43.2) 85.4 (56.8, 96.3) 
14 18.2 (6.4, 42.0) 81.8 (58.0, 93.6) 
Ethnic group    
Māori   1.7 (0.4, 7.0) 98.3 (93.0, 99.6)a 
Pacific   1.1 (0.1, 8.3) 98.9 (91.7, 99.9)a 
Asian 10.5 (1.9, 42.2) 89.5 (57.8, 98.1) 
European/Other 22.2 (12.0, 37.4) 77.8 (62.6, 88.0)a 
Deprivation quintile   
1 (least deprived) 46.9 (20.9, 74.8) 53.1 (25.2, 79.1)a 
2   1.1 (0.1, 13.6) 98.9 (86.4, 99.9) 
3 27.8 (11.1, 54.3) 72.2 (45.7, 88.9) 
4   2.0 (0.2, 15.7) 98.0 (84.3, 99.8) 




Fluoridated 17.1 (6.0, 39.9) 82.9 (60.1, 94.0) 
Non-fluoridated 20.3 (9.7, 37.6) 79.7 (62.4, 90.3) 
   
All combined 18.9 (10.6, 31.3) 81.1 (68.7, 89.4) 
   
a P<0.05   
% missing = 0.3% (of the sample, omitted by the software during survey analysis) 
% ‘Don’t Know’ = 2.1% (of the sample), recoded to the sample majority & default (‘No’) category 
 
 
Just over four-fifths of the population had not previously used/taken fluoride drops/tablets 
(approximately four times greater than the proportion who had), and there were differences by 
ethnicity and SES. A considerably greater proportion of those who resided in the least 
deprived neighbourhoods (statistically significant and approximately 1.5 to 40.0 times greater 
than the overall and other deprivation quintile proportions) had a history of fluoride 
drops/tablet use. Significantly lower proportions of those who identified as Māori or Pacific, 
or those in deprivation quintiles 2, 4 or 5, had previously used/taken fluoride drops/tablets. 
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4.1.1.4.8 History of fluoride mouthwash use 
Data on the population’s history of fluoride mouthwash use are presented by 
sociodemographic characteristics in Table 4.20. 
 
 
Table 4.20 History of fluoride mouthwash use (OHSQ36) by sociodemographic 
characteristics – population percentage estimates (data are row percentages; brackets contain 
95% C.I.) 
 
 History of fluoride mouthwash use 
 Yes No 
Sex   
Female 18.5 (10.1, 31.5) 81.5 (68.5, 89.9) 
Male 30.6 (18.1, 46.7) 69.4 (53.3, 81.9) 
Age group    
12 20.4 (10.7, 35.4) 79.6 (64.6, 89.3) 
13 30.1 (13.8, 53.6) 69.9 (46.4, 86.2) 
14 24.8 (11.0, 46.9) 75.2 (53.1, 89.0) 
Ethnic group    
Māori 28.9 (17.4, 43.8) 71.1 (56.2, 82.6) 
Pacific 37.9 (22.9, 55.7) 62.1 (44.3, 77.1) 
Asian 49.3 (28.5, 70.3) 50.7 (29.7, 71.5)a 
European/Other 20.5 (11.9, 32.9) 79.5 (67.1, 88.1)a 
Deprivation quintile   
1 (least deprived) 31.2 (11.3, 61.9) 68.8 (38.1, 88.7) 
2 23.1 (9.7, 45.6) 76.9 (54.4, 90.3) 
3 25.0 (10.2, 49.4) 75.0 (50.6, 89.8) 
4 16.1 (3.6, 49.5) 83.9 (50.5, 96.4) 
5 (most deprived) 23.7 (12.4, 40.7) 76.3 (59.3, 87.6) 
Fluoridated area status   
Fluoridated 13.7 (7.9, 22.6) 86.3 (77.4, 92.1)a 
Non-fluoridated 33.1 (20.1, 49.4) 66.9 (50.6, 79.9) 
   
All combined 24.5 (16.7, 34.5) 75.5 (65.5, 83.3) 
   
a P<0.05   
% missing = 0.3% (of the sample, omitted by the software during survey analysis) 









Approximately three-quarters of the population had not previously used fluoride mouthwash 
(approximately three times greater than the proportion who had), and there were differences 
by ethnicity and fluoridated area status. A considerably greater proportion of those who 
identified as Asian (statistically significant and approximately one to two times greater than 
the overall and other ethnic group proportions), and a greater proportion of those who 
identified as Pacific, had previously used fluoride mouthwash. Conversely, a significantly 





4.1.1.5 Dental visiting patterns 
The following section presents data on the population’s dental visiting patterns. 
 
4.1.1.5.1 History of recent dental visit(s) 
Data on the population’s history of dental visit(s) in the previous 12 months are presented by 
sociodemographic characteristics in Table 4.21. 
110
 
Table 4.21 History of dental visit(s) in the previous 12 months (OHSQ53) by 
sociodemographic characteristics – population percentage estimates (data are row 
percentages; brackets contain 95% C.I.) 
 
 History of dental visit(s) in the previous 12 monthsb 
 Yes No 
Sex   
Female 83.1 (69.1, 91.5) 16.9 (8.5, 30.9) 
Male 89.8 (81.3, 94.7) 10.2 (5.3, 18.7) 
Age group    
12 92.3 (83.5, 96.6)   7.7 (3.4, 16.5) 
13 86.9 (61.1, 96.5) 13.1 (3.5, 38.9) 
14 78.8 (62.5, 89.2) 21.2 (10.8, 37.5) 
Ethnic group    
Māori 79.7 (67.6, 88.0) 20.3 (12.0, 32.4) 
Pacific 68.2 (50.1, 82.1) 31.8 (17.9, 49.9)a 
Asian 89.3 (62.2, 97.7) 10.7 (2.3, 37.8) 
European/Other 90.0 (79.8, 95.4) 10.0 (4.6, 20.2)a 
Deprivation quintile   
1 (least deprived) 98.0 (85.3, 99.8)   2.0 (0.2, 14.7)a 
2 71.1 (45.6, 87.8) 28.9 (12.2, 54.4) 
3 93.4 (84.5, 97.3)   6.6 (2.7, 15.5) 
4 90.3 (58.3, 98.4)   9.7 (1.6, 41.7) 
5 (most deprived) 81.3 (63.5, 91.6) 18.7 (8.4, 36.5) 
Fluoridated area status   
Fluoridated 87.7 (71.6, 95.3) 12.3 (4.7, 28.4) 
Non-fluoridated 85.5 (74.1, 92.4) 14.5 (7.6, 25.9) 
   
All combined 86.5 (77.8, 92.1) 13.5 (7.9, 22.2) 
   
a P<0.05 
b Recoded to ‘Yes’ if time since last dental visit was within the past year; ‘No’ if within the past two or more 
years 
% missing = 0.3% (of the sample, omitted by the software during survey analysis) 
% ‘Don’t Know’ = 4.2% (of the sample), recoded to the ‘No’ category (presumed would remember if visit  
  within the past year) 
 
 
Almost nine-tenths of the population had visited a dental professional in the previous 12 
months, and there were differences by ethnicity, whereby a significantly lower proportion of 
those who identified as Pacific had visited a dental professional in the previous 12 months. 
Differences by SES did not follow a clear gradient. 
 
 
4.1.1.5.2 Reason for the last dental visit 
Data on the population’s reason for their last dental visit are presented by sociodemographic 





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Just over three-fifths of the population had last visited a dental professional for a check-up, 
whereas almost one in six visited due to a problem, around one in ten for dental treatment (not 
under GA), around one in twelve for other reasons (e.g. a specialist appointment), and only a 
few for dental treatment under GA. There were differences by age, sex, ethnicity and 
fluoridated area status. Greater proportions of those who identified as Māori or Pacific last 
visited a dental professional for a check-up. Lower proportions of the 14-year-olds, or those 
who identified as Māori, Pacific or Asian, last visited due to a problem. Lower proportions of 
the 14-year-olds, or those who identified as Pacific, last visited for dental treatment (not under 
GA). None of the females, 13- or 14-year-olds, those who identified as Māori, Pacific or 
Asian, or those who resided in fluoridated areas, last visited for dental treatment under GA. 
Greater proportions of the 14-year-olds, whereas lower proportions of the males, or 12-year-
olds, last visited for other reasons (e.g. a specialist appointment). Differences by SES did not 
follow a clear gradient. 
 
 
4.1.1.5.3 Last dental visit for relief of pain 
Data on whether the population’s last dental visit was for relief of pain are presented by 
sociodemographic characteristics in Table 4.23. 
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Table 4.23 Last dental visit for relief of pain (OHSQ56) by sociodemographic characteristics 
– population percentage estimates (data are row percentages; brackets contain 95% C.I.) 
 
 Last dental visit for relief of pain 
 Yes No 
Sex   
Female   2.6 (1.0, 6.6) 97.4 (93.4, 99.0)a 
Male 18.6 (8.4, 36.3) 81.4 (63.7, 91.6) 
Age group    
12 13.9 (5.3, 31.6) 86.1 (68.4, 94.7) 
13 16.5 (4.5, 45.6) 83.5 (54.4, 95.5) 
14   1.4 (0.2, 7.2) 98.6 (92.8, 99.8) 
Ethnic group    
Māori   5.8 (1.9, 16.8) 94.2 (83.2, 98.1) 
Pacific   1.0 (0.1, 7.3) 99.0 (92.7, 99.9)a 
Asian 12.6 (3.1, 39.5) 87.4 (60.5, 96.9) 
European/Other 12.1 (5.7, 24.0) 87.9 (76.0, 94.3)a 
Deprivation quintile   
1 (least deprived) 12.4 (2.6, 43.4) 87.6 (56.6, 97.4) 
2 11.5 (3.7, 30.2) 88.5 (69.8, 96.3) 
3 15.9 (3.9, 46.5) 84.1 (53.5, 96.1) 
4   5.7 (0.8, 31.5) 94.3 (68.5, 99.2) 
5 (most deprived)   1.8 (0.5, 6.1) 98.2 (93.9, 99.5) 
Fluoridated area status   
Fluoridated   8.2 (2.6, 23.2) 91.8 (76.8, 97.4) 
Non-fluoridated 12.5 (4.8, 28.9) 87.5 (71.1, 95.2) 
   
All combined 10.6 (5.3, 20.4) 89.4 (79.6, 94.7) 
   
a P<0.05  
% missing = 0.3% (of the sample, omitted by the software during survey analysis) 
% ‘Don’t Know’ = 1.4% (of the sample), recoded to the sample majority (‘No’) category 
 
 
Around one-tenth of the population had last visited a dental professional for relief of pain, and 
there were differences by sex, age, ethnicity and SES. Significantly lower proportions of the 
females, or those who identified as Pacific, and lower proportions of the 14-year-olds, or 
those who resided in the most deprived neighbourhoods, last visited a dental professional for 








4.1.1.6 Orofacial trauma and trauma-related behaviour 
The following section presents data on orofacial trauma in the population and their trauma-
related behaviour. 
 
4.1.1.6.1 Playing contact sport 
Data on the population’s contact sport playing status are presented by sociodemographic 
characteristics in Table 4.24. 
 
 
Table 4.24 Contact sport playing status (OHSQ47) by sociodemographic characteristics – 
population percentage estimates (data are row percentages; brackets contain 95% C.I.) 
 
 Contact sport playing status 
 Yes No 
Sex   
Female 48.2 (31.2, 65.7) 51.8 (34.3, 68.8) 
Male 61.4 (45.4, 75.3) 38.6 (24.7, 54.6) 
Age group    
12 51.3 (33.5, 68.9) 48.7 (31.1, 66.5) 
13 62.1 (39.7, 80.3) 37.9 (19.7, 60.3) 
14 52.7 (33.1, 71.5) 47.3 (28.5, 66.9) 
Ethnic group    
Māori 51.8 (37.5, 65.8) 48.2 (34.2, 62.5) 
Pacific 60.3 (40.9, 76.9) 39.7 (23.1, 59.1) 
Asian 59.4 (37.7, 78.0) 40.6 (22.0, 62.3) 
European/Other 53.4 (39.6, 66.7) 46.6 (33.3, 60.4) 
Deprivation quintile   
1 (least deprived) 49.1 (23.0, 75.7) 50.9 (24.3, 77.0) 
2 41.5 (20.1, 66.7) 58.5 (33.3, 79.9) 
3 57.3 (33.1, 78.5) 42.7 (21.5, 66.9) 
4 78.8 (48.6, 93.6) 21.2 (6.4, 51.4) 
5 (most deprived) 60.5 (41.2, 77.0) 39.5 (23.0, 58.8) 
   
All combined 54.8 (43.2, 65.9) 45.2 (34.1, 56.8) 
   
% missing = 0.3% (of the sample, omitted by the software during survey analysis) 
 
 
Just over half of the population played contact sport, and there were differences by SES, but 







4.1.1.6.2 Mouthguard use 
Data on the population’s mouthguard use (when playing contact sport) are presented by 
sociodemographic characteristics in Table 4.25. 
 
 
Table 4.25 Mouthguard use (when playing contact sport) (OHSQ48) by sociodemographic 
characteristics – population percentage estimates (data are row percentages; brackets contain 
95% C.I.) 
 
 Mouthguard use 
 Yes No 
Sex   
Female 54.8 (30.8, 76.8) 45.2 (23.2, 69.2) 
Male 66.1 (45.0, 82.3) 33.9 (17.7, 55.0) 
Age group    
12 67.4 (43.6, 84.7) 32.6 (15.3, 56.4) 
13 53.1 (23.5, 80.7) 46.9 (19.3, 76.5) 
14 62.1 (35.1, 83.2) 37.9 (16.8, 64.9) 
Ethnic group    
Māori 68.5 (46.0, 84.7) 31.5 (15.3, 54.0) 
Pacific 79.8 (50.8, 93.8) 20.2 (6.2, 49.2) 
Asian 35.7 (12.5, 68.4) 64.3 (31.6, 87.5) 
European/Other 59.2 (39.3, 76.4) 40.8 (23.6, 60.7) 
Deprivation quintile   
1 (least deprived) 60.8 (18.8, 91.2) 39.2 (8.8, 81.2) 
2 66.3 (23.9, 92.5) 33.7 (7.5, 76.1) 
3 55.1 (25.0, 81.9) 44.9 (18.1, 75.0) 
4 48.2 (9.5, 89.1) 51.8 (10.9, 90.5) 
5 (most deprived) 75.7 (48.8, 91.1) 24.3 (8.9, 51.2) 
   
All combined 61.2 (45.6, 74.7) 38.8 (25.3, 54.4) 
   
% omitted = 46.5% (of the sample, gated by previous question (contact sport playing status), recoded to exclude  
      absent values) 
% ‘Don’t Know’ = 0.7% (of the sample), recoded to the ‘No’ category (presumed would know if used a  
                mouthguard) 
 
 
Of those who played contact sport, almost two-thirds wore a mouthguard when playing that 
sport, and there were differences by ethnicity and SES. A greater proportion of those who 
identified as Pacific, or those who resided in the most deprived neighbourhoods, wore a 
mouthguard when playing contact sport. Conversely, a considerably lower proportion of those 
who identified as Asian (approximately two times lower than the overall and other ethnic 




4.1.1.6.3 History of orofacial trauma 
Data on the population’s proxy-reported history of orofacial trauma are presented by 
sociodemographic characteristics in Table 4.26. 
 
 
Table 4.26 Proxy-reported history of orofacial trauma (OHSQ68) by sociodemographic 
characteristics – population percentage estimates (data are row percentages; brackets contain 
95% C.I.) 
 
 History of orofacial trauma 
 Yes No 
Sex   
Female 34.1 (20.4, 51.0) 65.9 (49.0, 79.6) 
Male 41.3 (26.1, 58.4) 58.7 (41.6, 73.9) 
Age group    
12 40.0 (23.4, 59.2) 60.0 (40.8, 76.6) 
13 53.8 (32.1, 74.1) 46.2 (25.9, 67.9) 
14 20.7 (10.1, 37.6) 79.3 (62.4, 89.9) 
Ethnic group    
Māori 32.4 (19.9, 47.9) 67.6 (52.1, 80.1) 
Pacific 21.0 (10.9, 36.7) 79.0 (63.3, 89.1) 
Asian 18.3 (8.0, 36.7) 81.7 (63.3, 92.0)a 
European/Other 41.6 (28.7, 55.7) 58.4 (44.3, 71.3)a 
Deprivation quintile   
1 (least deprived) 47.1 (21.8, 74.0) 52.9 (26.0, 78.2) 
2 35.0 (16.7, 59.1) 65.0 (40.9, 83.3) 
3 43.2 (21.2, 68.2) 56.8 (31.8, 78.8) 
4 20.1 (6.2, 49.2) 79.9 (50.8, 93.8) 
5 (most deprived) 32.5 (15.7, 55.6) 67.5 (44.4, 84.3) 
   
All combined 37.7 (27.2, 49.5) 62.3 (50.5, 72.8) 
   
a P<0.05  
% missing = 0.3% (of the sample, omitted by the software during survey analysis) 
% ‘Don’t Know’ = 0.7% (of the sample), recoded to the default (‘No’) category (presumed would know if had) 
 
 
Just over one-third of the population had experienced orofacial trauma, and there were 
differences by age and ethnicity. A greater proportion of the 13-year-olds, whereas lower 
proportions of the 14-year-olds, and a significantly lower proportion of those who identified 







4.1.1.6.4 History of dental trauma 
Data on whether dental trauma was sustained during orofacial trauma are presented by 
sociodemographic characteristics in Table 4.27. 
 
 
Table 4.27 Whether dental trauma sustained during orofacial trauma (OHSQ70) by 
sociodemographic characteristics – population percentage estimates (data are row 
percentages; brackets contain 95% C.I.) 
 
 Whether dental trauma sustained during orofacial trauma 
 Yes No 
Sex   
Female 66.2 (33.7, 88.3) 33.8 (11.7, 66.3) 
Male 60.5 (32.2, 83.2) 39.5 (16.8, 67.8) 
Age group    
12 54.3 (24.2, 81.6) 45.7 (18.4, 75.8) 
13 80.1 (42.0, 95.7) 19.9 (4.3, 58.0) 
14 44.9 (15.1, 78.8) 55.1 (21.2, 84.9) 
Ethnic group    
Māori 37.3 (14.9, 66.9) 62.7 (33.1, 85.1) 
Pacific 49.5 (18.3, 81.1) 50.5 (18.9, 81.7) 
Asian 35.5 (7.7, 78.3) 64.5 (21.7, 92.3) 
European/Other 65.1 (42.3, 82.6) 34.9 (17.4, 57.7) 
Deprivation quintile   
1 (least deprived) 84.2 (29.9, 98.5) 15.8 (1.5, 70.1)a 
2 50.1 (12.3, 87.8) 49.9 (12.2, 87.7) 
3 82.4 (43.7, 96.6) 17.6 (3.4, 56.3) 
4 24.2 (6.1, 61.0) 75.8 (39.0, 93.9) 
5 (most deprived) 21.4 (4.5, 61.0) 78.6 (39.0, 95.5) 
   
All combined 63.1 (42.2, 79.9) 36.9 (20.1, 57.8) 
   
a P<0.05  
% omitted = 66.7% (of the sample, gated by previous question (history of orofacial trauma), recoded to exclude  
      absent values) 
% ‘Don’t know’ = 0.4% (of the sample), recoded to the default (‘No’) category (presumed would know if had) 
 
 
Of those who had experienced orofacial trauma, almost two-thirds sustained dental trauma as 
part of that orofacial trauma, and there were differences by ethnicity and SES. Significantly 
lower proportions of those who resided in the more deprived neighbourhoods (deprivation 
quintiles 4 to 5), and lower proportions of those who identified as Māori or Asian, sustained 
dental trauma. Conversely, slightly greater (but statistically significant) proportions of those 




4.1.1.6.5 Seeking/receiving dental care for dental trauma 
Data on whether dental care was sought/received for dental trauma are presented by 
sociodemographic characteristics in Table 4.28. 
 
 
Table 4.28 Whether dental care sought/received for dental trauma (OHSQ71) by 
sociodemographic characteristics – population percentage estimates (data are row 
percentages; brackets contain 95% C.I.) 
 
 Whether dental care sought/received for dental trauma 
 Yes No 
Sex   
Female   81.8 (31.4, 97.8) 18.2 (2.2, 68.6) 
Male   92.9 (67.8, 98.8)   7.1 (1.2, 32.2) 
Age group    
12   98.6 (86.8, 99.9)   1.4 (0.1, 13.2) 
13   81.6 (36.5, 97.2) 18.4 (2.8, 63.5) 
14   80.9 (20.1, 98.6) 19.1 (1.4, 79.9) 
Ethnic group    
Māori   89.1 (41.0, 99.0) 10.9 (1.0, 59.0) 
Pacific   65.6 (17.5, 94.5) 34.4 (5.5, 82.5) 
Asian   56.4 (2.2, 98.7) 43.6 (1.3, 97.8) 
European/Other   88.5 (58.7, 97.7) 11.5 (2.3, 41.3) 
Deprivation quintile   
1 (least deprived)   70.4 (21.6, 95.3) 29.6 (4.7, 78.4) 
2 100.0    0.0  
3 100.0    0.0  
4   21.4 (0.5, 93.2) 78.6 (6.8, 99.5) 
5 (most deprived)   59.9 (14.7, 92.9) 40.1 (7.1, 85.3) 
   
All combined   87.7 (62.5, 96.8) 12.3 (3.2, 37.5) 
   
% omitted = 81.6% (of the sample, gated by previous questions (history of orofacial and dental trauma), recoded 
to exclude absent values) 
 
 
Of those who sustained dental injuries, almost nine-tenths had sought/received dental care for 
that injury, and there were differences by age and ethnicity. A slightly greater proportion of 
the 12-year-olds, whereas a lower proportion of those who identified as Asian, 




4.1.2 Oral hygiene 
The following section presents data on the oral hygiene of the younger-age population. 
 
4.1.2.1 Bivariate analyses 
 
4.1.2.1.1 Sociodemographic characteristics 


























































































































































































































































































































































































































































































































































































































































































































































































































































































The population’s mean plaque score did not differ by sociodemographic characteristics. 
 
Around two-thirds of the population had a plaque score between 0 and 1, followed by one in 
six with a score of 0, one in eight with a score between 1 and 2, and very few with a score 
greater than 2. These proportions differed by sex, age, ethnicity and SES. Overall, those who 
identified as Pacific had poorer oral hygiene (a significantly lower proportion with a score of 
0, and a significantly greater proportion with a score greater than 2). Those who resided in the 
most deprived neighbourhoods also had poorer oral hygiene (a significantly lower proportion 
with a score of 0, and a significantly greater proportion with a score greater than 2). In terms 
of poor oral hygiene, only males, 12- or 13-year-olds, those who identified as Pacific, or 
European/Other, or those who resided in the most deprived neighbourhoods, had a plaque 
score greater than 2. 
 
 
4.1.2.1.2 Preventive care and dental visiting pattern factors 
Data on the population’s oral hygiene are presented by preventive care and dental visiting 


























































































































































































































































































































































































































































































































































































































The plaque score proportions also differed by toothbrushing frequency and having a history of 
dental visit(s) in the previous 12 months. Overall, those who brushed twice daily had better 
oral hygiene (a lower proportion with plaque scores between 1 and 2, and no-one with a 
plaque score greater than 2). For those who had not had a dental visit in the previous 12 
months, there was a slightly greater proportion with a plaque score of 0, and no-one had a 
plaque score greater than 2. 
 
 
4.1.2.2 Multivariable analyses 
Factors that were theoretically or significantly associated with oral hygiene in the bivariate 
analyses were included in multivariable models, to assess whether true (and un-confounded) 
associations existed between any of the independent variables and oral hygiene. Logistic 
regression models had poor fit. 
 
4.1.2.2.1 Multivariable negative binomial regression models for oral hygiene (plaque 
score) 
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There were no statistically significant associations between any single independent variable 




4.1.3 Dental Caries 
The following section presents data on the prevalence and severity of dental caries in the 
younger-age population. 
 
4.1.3.1 Bivariate analyses 
 
4.1.3.1.1 Sociodemographic characteristics 
Data on dental caries prevalence and severity are presented by sociodemographic 

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Just under half of the population had dental caries experience (DMFT>0), and this was 
slightly greater in those who identified as Pacific. Just under one-tenth of the population had 
untreated caries (DT>0), and this was greater in those who identified as Pacific. Differences 
by SES did not follow a clear gradient. 
 
The population’s caries experience differed by ethnicity, whereby mean DMFS and DMFT 
were slightly greater in those who identified as Māori or Pacific. The mean number of 
decayed surfaces/teeth also differed by ethnicity, whereby those who identified as Pacific had 
slightly more decayed surfaces/teeth, whereas those who identified as Asian had slightly less 
decayed surfaces/teeth. The mean number of filled teeth also differed by ethnicity, whereby 
those who identified as Pacific had slightly more filled teeth. 
 
 
4.1.3.1.2 Oral hygiene, preventive care and fluoride exposure factors 
Data on dental caries prevalence and severity are presented by oral hygiene, preventive care 





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Dental caries prevalence also differed by plaque score, toothbrushing frequency, whether 
toothpaste was used when cleaning, rinsing/spitting after brushing, and the age that the 
population first started brushing with toothpaste. Caries prevalence was significantly greater 
in those with a plaque score between 1 and 2, and greater in those who rarely brushed their 
teeth, or only started brushing with toothpaste between 6 to 11 years old. Almost all of those 
who only sometimes used toothpaste when cleaning had dental caries experience. Conversely, 
caries prevalence was significantly lower in those with a plaque score of 0, and lower in those 
who just spat after brushing. 
 
The prevalence of untreated caries also differed by plaque score, toothbrushing frequency, 
whether toothpaste was used when cleaning, rinsing/spitting after brushing, fluoride 
toothpaste use, and history of fluoride mouthwash use. A significantly greater proportion of 
those who only sometimes used toothpaste when cleaning, those who used 400 to 500ppm 
fluoride toothpaste, or those who had previously used fluoride mouthwash, had untreated 
caries. Conversely, a significantly lower proportion of those who brushed twice daily, or those 
who just spat after brushing, and a lower proportion of those with a plaque score of 0, had 
untreated caries. 
 
Caries experience also differed by plaque score, toothbrushing frequency, whether toothpaste 
was used when cleaning, rinsing/spitting after brushing, and the age that the population first 
started brushing with toothpaste. Mean DMFS and mean DMFT were significantly greater in 
those who rarely brushed their teeth, and greater in those who only sometimes used toothpaste 
when cleaning, or only started brushing with toothpaste between 6 to 11 years old. 
Conversely, mean DMFS and mean DMFT were significantly lower in those who brushed 
twice daily, and lower in those who had a plaque score of 0, or those who just spat after 
brushing. 
 
The mean number of decayed surfaces also differed by plaque score and toothbrushing 
frequency, whereby those with a plaque score between 1 and 2, or those who rarely brushed 
their teeth, had more decayed surfaces. The mean number of decayed teeth also differed by 






The mean number of filled teeth also differed by plaque score, toothbrushing frequency, 
whether toothpaste was used when cleaning, rinsing/spitting after brushing, and the age that 
the population first started brushing with toothpaste. Those who rarely brushed their teeth had 
significantly more filled teeth, and those who only sometimes used toothpaste when cleaning, 
or only started brushing with toothpaste between 6 to 11 years old, had more filled teeth. 
Conversely, those who brushed twice daily had significantly fewer filled teeth, and those who 
had a plaque score of 0, or those who just spat after brushing, had fewer filled teeth. 
 
 
4.1.3.1.3 Dental visiting pattern factors 
Data on dental caries prevalence and severity are presented by dental visiting pattern factors 
































































































































































































































































































































































































































































































































































































































































































































































































































































































Dental caries prevalence also differed by the reason for the last dental visit, whereby it was 
greater in those whose last visit was for relief of pain. The prevalence of untreated caries also 
differed by having a history of dental visit(s) in the previous 12 months, whereby a 
considerably greater proportion of those who had not had a dental visit in the previous 12 
months had untreated caries (statistically significant and approximately three to four times 
greater than the overall proportion of those that had a dental visit). 
 
Caries experience also differed by having a history of dental visit(s) in the previous 12 
months, and the reason for the last dental visit. Mean DMFS and mean DMFT were greater in 
those who had not had a dental visit in the previous 12 months, or those who last visited for 
relief of pain, whereas they were lower in those who last visited for other reasons (e.g. a 
specialist appointment). 
 
The mean number of decayed surfaces also differed by the reason for the last visit, whereby 
those who last visited for relief of pain had slightly more decayed surfaces. The mean number 
of filled teeth also differed by the reason for the last dental visit, whereby those who last 
visited for relief of pain had more filled teeth, whereas those who last visited for other reasons 
(e.g. a specialist appointment) had fewer filled teeth. 
 
 
4.1.2.3 Multivariable analyses 
Factors that were theoretically or significantly associated with dental caries experience in the 
bivariate analyses were included in multivariable models, to assess whether true (and un-
confounded) associations existed between any of the independent variables and caries 
experience. Logistic regression models had very poor fit. 
 
4.1.2.3.1 Multivariable negative binomial regression models for dental caries experience 
(combined DMFT) 
Table 4.35 presents the multivariable negative binomial regression models for dental caries 
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A significant and positive association existed between ethnicity (the Pacific ethnic group) and 
caries experience, and between oral hygiene (plaque score) and caries experience. A 
significant and negative (protective) association existed between brushing teeth twice daily 




4.1.4 Dental Fluorosis 
The following section presents data on the severity and prevalence of dental fluorosis in the 
younger-age population. 
 
4.1.4.1 Bivariate analyses 
 
4.1.4.1.1 Sociodemographic characteristics 































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Just under half of the population had dental fluorosis (including the questionable distinction) 
(DI score>0), whereas just under one-fifth of the population had dental fluorosis (excluding 
the questionable distinction) (DI score>1). The prevalence of dental fluorosis (excluding the 
questionable distinction) differed by age, whereby it was greater in the 13-year-olds, but 
considerably lower in the 12-year-olds (approximately 9 to 15 times lower than the overall 
and other age group proportions). 
 
Just over one-third of the population had questionable fluorosis (maximum DI score=1), and 
this differed by age and ethnicity. The prevalence of questionable fluorosis was lower in the 
13-year-olds, or those who identified as Asian. 
 
Approximately one-tenth of the population had very mild fluorosis (maximum DI score=2), 
and this differed by age and ethnicity. The prevalence of very mild fluorosis was greater in 
the 13-year-olds, or those who identified as Asian, whereas it was lower in the 12-year-olds. 
 
Approximately one-tenth of the population had mild fluorosis (maximum DI score=3), and 
this differed by age, whereby it was lower in the 12-year-olds (approximately 9 to 15 times 
lower than the overall and other age group proportions). 
 
 
4.1.4.1.2 Preventive care and fluoride toothpaste exposure factors 
Data on dental fluorosis prevalence are presented by preventive care and fluoride toothpaste 



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The prevalence of dental fluorosis (including the questionable distinction) also differed by 
whether toothpaste was used when cleaning, and rinsing/spitting after brushing. It was greater 
in those who only sometimes used toothpaste when cleaning, whereas it was lower in those 
who just spat after brushing. 
 
The prevalence of dental fluorosis (excluding the questionable distinction) also differed by 
whether toothpaste was used when cleaning, fluoride toothpaste use, and rinsing/spitting after 
brushing. It was greater in those who only sometimes used toothpaste when cleaning, whereas 
it was slightly lower in those who just spat after brushing (the latter difference was 
statistically significant). None of those who used 400 to 500ppm fluoride toothpaste had such 
fluorosis. 
 
The prevalence of very mild fluorosis also differed by toothbrushing frequency and whether 
toothpaste was used when cleaning. It was slightly lower in those who brushed only once 
daily, whereas none of those who only sometimes used toothpaste when cleaning had very 
mild fluorosis (the latter difference was statistically significant). 
 
The prevalence of mild fluorosis also differed by toothbrushing frequency, whether toothpaste 
was used when cleaning, and rinsing/spitting after brushing. A considerably greater 
proportion of those who only sometimes used toothpaste when cleaning (statistically 
significant and approximately five to nine times greater than the overall proportion and the 
proportion who always used toothpaste)—and a lower proportion of those who rarely 
brushed—had mild fluorosis. None of those who just spat after brushing had mild fluorosis. 
 
Dental fluorosis prevalence (any definition) did not differ by the amount of fluoride 
toothpaste used, or the age that the population first started brushing with toothpaste. 
 
 
4.1.4.1.3 Oral health status and fluoride supplementation factors 
Data on dental fluorosis prevalence are presented by oral health status and fluoride 
































































































































































































































































































































































































































































































































































































































































































































































Dental fluorosis prevalence (any definition) did not differ by the presence of persistent marks 
on the teeth, history of fluoride drops/tablet use, or history of fluoride mouthwash use. 
 
 
4.1.4.2 Multivariable analyses 
Attempts at multivariable negative binomial regression modelling for the severity of dental 
fluorosis (maximum fluorosis score) were unsuccessful because the statistical software failed 
to process the data when applying survey–weighted commands. Logistic regression models 




4.1.5 Dental Trauma 
The following section presents data on the prevalence of dental trauma (from the 2009 
NZOHS examination findings) in the younger-age population. 
 
4.1.5.1 Bivariate analyses 
 
4.1.5.1.1 Sociodemographic characteristics 
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Almost one-third of the population had experienced dental trauma, and this differed by 
ethnicity, whereby it was considerably lower in those who identified as Asian (statistically 
significant and 16 to 18 times lower than the overall and other ethnic group proportions), and 
slightly lower in those who identified as Pacific. Differences by SES did not follow a clear 
gradient. 
 
Only a few adolescents had treated trauma (any size or involvement), and this differed by 
ethnicity & SES. Treated trauma prevalence was lower in those in deprivation quintiles 3 or 4, 
and none of those in quintile 5, or those who identified as Pacific, had treated trauma. 
 
Almost one-fifth of the population had untreated trauma that was limited to enamel, and this 
differed by ethnicity, whereby none of those who identified as Asian had untreated trauma 
that was limited to enamel, and differences by SES did not follow a clear gradient. Very few 
adolescents had untreated trauma involving at least dentine, and this differed by ethnicity, 
whereby a slightly greater proportion of those who identified as Pacific had untreated trauma 
involving at least dentine. 
 
Only a few adolescents had trauma-related tooth discolouration, and this differed by ethnicity, 
whereby none of those who identified as Asian had trauma-related tooth discolouration. Very 
few adolescents had a history of avulsion/luxation, and this differed by sex, age, and ethnicity. 
None of the females, 12- or 13-year-olds, or those who identified as Māori, Pacific or Asian, 
had a history of avulsion/luxation.  
 
 
4.1.5.1.2 Trauma-related behaviour, reported dental trauma, and oral health status 
factors 
Data on dental trauma prevalence are presented by trauma-related behaviour, reported dental 












































































































































































































































































































































































































































































































































































































































































































































































































































































The prevalence of avulsion/luxation also differed by contact sport playing status, mouthguard 
use, and caries experience. Only those who played contact sport, those who did not wear a 
mouthguard, or those who had caries experience, had a history of avulsion/luxation. 
 
The prevalence of dental trauma (examined clinically), treated trauma, and untreated trauma 
limited to enamel, were all significantly greater in those with a proxy-reported history of 
dental trauma, whereas this was not the case for the prevalence of untreated trauma involving 
at least dentine, trauma-related tooth discolouration, and avulsion/luxation.  
 
 
4.1.5.2 Multivariable analyses 
Multivariable negative binomial regression modelling for the dental trauma domain was not 
possible because the 2009 NZOHS did not include a non-arbitrary continuous variable for 




4.2 The older-age population (15 to 17 years old) 
The following section presents the results from the cross-sectional data analyses of the older-
age population (15 to 17 years old) from the 2009 NZOHS. 
 
Even though the CURF glossary/dataset explanatory notes indicate that oral hygiene (plaque 
score) was part of the examination process for the older-age sample, there were no data/pre-
existing variables in relation to plaque score in the older-age CURF, and so oral hygiene 
could not be analysed for the older-age sample. 
 
 
4.2.1 Population description 
The following section describes the older-age population in terms of sociodemographic 
characteristics, oral health perception, status and impact of the latter, preventive care 
behaviours and fluoride exposure, smoking status, dental visiting patterns, and orofacial 
trauma and trauma-related behaviour. 
145
 
4.2.1.1 Sociodemographic characteristics 
The population’s sociodemographic characteristics are presented in Tables 4.41 to 4.45. 
 
 
Table 4.41 Sex by sociodemographic characteristics – population percentage estimates (data 
are row percentages; brackets contain 95% C.I.) 
 
 Sex 
 Female Male 
Age group   
15 40.4 (26.7, 55.9) 59.6 (44.1, 73.3) 
16 38.4 (23.5, 55.8) 61.6 (44.2, 76.5) 
17 42.8 (24.0, 64.0) 57.2 (36.0, 76.0) 
Ethnic group    
Māori 51.2 (36.3, 66.0) 48.8 (34.0, 63.7) 
Pacific 37.5 (22.0, 56.0) 62.5 (44.0, 78.0) 
Asian 49.1 (6.9, 92.6) 50.9 (7.4, 93.1) 
European/Other 39.2 (29.2, 50.3) 60.8 (49.7, 70.8) 
Deprivation quintile   
1 (least deprived) 33.7 (11.8, 65.8) 66.3 (34.2, 88.2) 
2 42.3 (23.3, 63.8) 57.7 (36.2, 76.7) 
3 28.8 (9.9, 59.9) 71.2 (40.1, 90.1) 
4 55.7 (33.6, 75.7) 44.3 (24.3, 66.4) 
5 (most deprived) 49.6 (20.6, 78.8) 50.4 (21.2, 79.4) 
Fluoridated area status   
Fluoridated 41.1 (25.5, 58.6) 58.9 (41.4, 74.5) 
Non-fluoridated 40.8 (28.7, 54.1) 59.2 (41.4, 74.5) 
   
All combined 40.9 (31.7, 50.9) 59.1 (49.1, 68.3) 
   
 
 
There was a greater proportion of males than females in the population (approximately 1.5 





Table 4.42 Age by sociodemographic characteristics – population percentage estimates (data 
are row percentages; brackets contain 95% C.I.) 
 
 Age group 
 15 16 17 
Sex    
Female 25.0 (14.2, 40.1) 27.4 (16.4, 42.0) 47.6 (31.0, 64.8) 
Male 25.5 (15.4, 39.1) 30.4 (19.6, 44.0) 44.1 (29.8, 59.4) 
Ethnic group     
Māori 33.6 (21.1, 48.9) 27.1 (15.7, 42.7) 39.3 (26.0, 54.3) 
Pacific 11.9 (4.8, 26.5) 31.3 (15.8, 52.4) 56.8 (40.0, 72.2) 
Asian 15.5 (4.1, 43.8) 21.8 (5.3, 58.3) 62.7 (21.2, 91.3) 
European/Other 24.7 (16.2, 35.7) 30.8 (21.3, 42.3) 44.5 (32.2, 57.6) 
Deprivation quintile    
1 (least deprived) 14.5 (5.3, 33.9) 32.8 (11.2, 65.4) 52.7 (23.0, 80.6) 
2 27.8 (13.8, 48.2) 29.2 (13.9, 51.4) 42.9 (21.4, 67.6) 
3 25.1 (10.0, 50.3) 28.1 (10.8, 55.7) 46.9 (20.1, 75.6) 
4 45.2 (24.0, 68.3) 26.3 (12.4, 47.4) 28.4 (11.0, 56.1) 
5 (most deprived) 15.3 (5.3, 36.9) 28.9 (14.7, 48.9) 55.8 (35.0, 74.8) 
Fluoridated area status    
Fluoridated 26.4 (16.8, 39.0) 23.0 (13.3, 36.8) 50.6 (34.9, 66.2) 
Non-fluoridated 24.3 (15.2, 36.5) 34.6 (22.3, 49.4) 41.1 (27.7, 56.0) 
    
All combined 25.3 (18.0, 34.3) 29.2 (21.4, 38.4) 45.5 (35.6, 55.8) 
    
 
 
The greatest proportion of the population was 17 years old, whereas lower and roughly 
similar proportions were 16 or 15 years old, and there were age differences by ethnicity. 
Lower proportions of those who identified as Pacific or Asian were 15 years old, whereas a 
greater proportion of those who identified as Asian, and a slightly greater proportion of those 











































































































































































































































































































































































































































































































































































































































































The greatest proportion of the population identified as European/Other (approximately four 
times greater than as Māori, eight times greater than as Pacific, and ten times greater than as 
Asian), followed by Māori, Pacific, and the lowest proportion as Asian. There were ethnic 
group differences by age, SES and fluoridated area status. Lower proportions of the 15-year-
olds, or those who resided in non-fluoridated areas, whereas a considerably greater proportion 
of those who resided in the most deprived neighbourhoods (4 to 26 times greater than the 
overall and other deprivation quintile proportions), identified as Pacific. A lower proportion 

















































































































































































































































































































































































































































































































































































































































































































































There were roughly equal proportions of the population in each deprivation quintile, but the 
greatest proportion were in quintile 2, slightly lower proportions in quintiles 4 and 5, and 
there were SES differences by ethnicity. A considerably greater proportion of those who 
identified as Pacific resided in the most deprived neighbourhoods (approximately four times 
greater than the overall and other ethnic group proportions), whereas lower proportions 
resided in the lesser-deprived neighbourhoods (quintiles 1 to 2). A greater proportion of those 
who identified as Asian resided in the least deprived neighbourhoods, and a slightly lower 
proportion resided in the most deprived neighbourhoods. 
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Table 4.45 Fluoridated area status by sociodemographic characteristics – population 
percentage estimates (data are row percentages; brackets contain 95% C.I.) 
 
 Fluoridated area status 
 Fluoridated Non-fluoridated 
Sex   
Female 46.8 (30.9, 63.4)   53.2 (36.6, 69.1) 
Male 46.5 (30.6, 63.2)   53.5 (36.8, 69.4) 
Age group   
15 48.8 (33.3, 64.5)   51.2 (35.5, 66.7) 
16 36.7 (21.4, 55.3)   63.3 (44.7, 78.6) 
17 51.9 (31.9, 71.2)   48.1 (28.8, 68.1) 
Ethnic group    
Māori 40.9 (21.6, 63.5)   59.1 (36.5, 78.4) 
Pacific 69.5 (28.5, 92.9)   30.5 (7.1, 71.5) 
Asian 76.7 (24.2, 97.1)   23.3 (2.9, 75.8) 
European/Other 43.1 (29.8, 57.6)   56.9 (42.4, 70.2) 
Deprivation quintile   
1 (least deprived) 49.0 (19.6, 79.1)   51.0 (20.9, 80.4) 
2 39.5 (17.7, 66.5)   60.5 (33.5, 82.3) 
3 53.0 (25.8, 78.6)   47.0 (21.4, 74.2) 
4 36.0 (17.5, 59.8)   64.0 (40.2, 82.5) 
5 (most deprived) 58.0 (27.8, 83.3)   42.0 (16.7, 72.2) 
   
All combined 46.7 (34.9, 58.8)   53.3 (41.2, 65.1) 
   
 
 
Almost equal proportions of the population resided in fluoridated or non-fluoridated areas, 
and there were fluoridated area status differences by ethnicity. Greater proportions of those 
who identified as Pacific or Asian resided in fluoridated areas (approximately 1.5 times 
greater than the overall and other ethnic group proportions, the greatest proportion in the 




4.2.1.2 Oral health status and perception 
The following section presents data on the population’s self-reported oral health status and 
perception. 
 
4.2.1.2.1 Global self-rated oral health 
Data on the population’s global self-rated oral health are presented by sociodemographic 
characteristics in Table 4.46. 
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Table 4.46. Global self-rated oral health (OHSQ12) by sociodemographic characteristics – 
population percentage estimates (data are row percentages; brackets contain 95% C.I.) 
 
 Global self-rated oral health 
 Gooda Fair/Poorb 
Sex   
Female   83.5 (64.2, 93.5) 16.5 (6.5, 35.8) 
Male   86.4 (69.5, 94.6) 13.6 (5.4, 30.5) 
Age group    
15   84.2 (66.7, 93.4) 15.8 (6.6, 33.3) 
16   75.5 (46.7, 91.6) 24.5 (8.4, 53.3) 
17   88.9 (70.1, 96.5) 11.1 (3.5, 29.9) 
Ethnic group    
Māori     9.1 (4.0, 19.3) 54.6 (35.9, 72.1) 
Pacific 100.0    0.0  
Asian   81.8 (21.8, 98.6) 18.2 (1.4, 78.2) 
European/Other   85.7 (72.9, 93.1) 14.3 (6.9, 27.1) 
Deprivation quintile   
1 (least deprived)   82.0 (42.4, 96.6) 18.0 (3.4, 57.6) 
2   76.2 (47.9, 91.8) 23.8 (8.2, 52.1) 
3   90.8 (74.2, 97.2)   9.2 (2.8, 25.8) 
4   88.8 (37.7, 99.0) 11.2 (1.0, 62.3) 
5 (most deprived)   93.9 (67.3, 99.1)   6.1 (0.9, 32.7) 
Fluoridated area status   
Fluoridated   90.9 (81.3, 95.8)   9.1 (4.2, 18.7) 
Non-fluoridated   80.3 (58.1, 92.3) 19.7 (7.7, 41.9) 
   
All combined   85.2 (73.4, 92.3) 14.8 (7.7, 26.6) 
   
a ‘Excellent’, ‘Very good’, ‘Good’ recoded as ’Good’ 
b ‘Fair’, ‘Poor’ recoded as ‘Fair/Poor’ 
% missing = 1.8% (of the sample, omitted by software after recoding) 
 
Almost nine-tenths of the population self-rated their oral health as good (approximately 5.5 
times greater than those who rated their oral health as fair/poor), and there were differences 
by ethnicity and SES. A considerably lower proportion of those who identified as Māori rated 
their oral health as good (9 to 11 times lower than the overall and other ethnic group 
proportions), whereas all of those who identified as Pacific rated their oral health as good. A 
slightly greater proportion of those who resided in the most deprived neighbourhoods rated 
their oral health as good. 
 
 
4.2.1.2.2 Recent bleeding gums 
Data on the population’s history of recent bleeding gums (4 weeks prior) are presented by 
sociodemographic characteristics in Table 4.47. 
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Table 4.47 History of recent bleeding gums (4 weeks prior) (OHSQ21) by sociodemographic 
characteristics – population percentage estimates (data are row percentages; brackets contain 
95% C.I.) 
 
 History of recent bleeding gums (4 weeks prior) 
 Yes No Missing 
Sex    
Female 21.0 (9.4, 40.5) 78.6 (59.4, 90.1) 0.4 (0.1, 1.8) 
Male 17.4 (8.7, 31.7) 82.2 (68.0, 91.0) 0.4 (0.1, 1.7) 
Age group     
15 15.5 (8.0, 28.0) 82.8 (70.6, 90.7) 1.6 (0.6, 4.5) 
16 26.3 (13.4, 45.1) 73.7 (54.9, 86.6) 0.0  
17 16.0 (4.7, 42.2) 84.0 (57.8, 95.3) 0.0  
Ethnic group     
Māori 32.2 (18.2, 50.3) 66.7 (49.0, 80.7) 1.1 (0.2, 4.7) 
Pacific 35.1 (9.1, 74.6) 64.0 (25.0, 90.4) 0.9 (0.1, 6.8) 
Asian 25.6 (2.4, 82.9) 73.4 (17.4, 97.3) 1.0 (0.1, 9.3) 
European/Other 19.6 (10.7, 33.2) 80.1 (66.5, 89.1) 0.3 (0.1, 1.2) 
Deprivation quintile    
1 (least deprived)   7.1 (2.0, 22.0) 92.2 (77.3, 97.6) 0.7 (0.1, 6.0) 
2 16.0 (5.8, 37.0) 83.6 (62.9, 93.9) 0.4 (0.0, 3.0) 
3 28.8 (10.4, 58.7) 70.8 (41.1, 89.4) 0.4 (0.1, 3.3) 
4 13.3 (4.8, 31.6) 86.2 (68.0, 94.8) 0.5 (0.1, 3.9) 
5 (most deprived) 30.6 (8.6, 67.5) 69.4 (32.5, 91.4) 0.0  
Fluoridated area status    
Fluoridated 13.0 (4.3, 33.1) 87.0 (66.9, 95.7) 0.0  
Non-fluoridated 24.0 (13.7, 38.4) 75.2 (60.9, 85.6) 0.8 (0.3, 2.2) 
    
All combined 18.9 (11.1, 30.2) 80.7 (69.4, 88.6) 0.4 (0.1, 1.1) 
    
% missing = 1.8% (of the sample)   
% ‘Don’t know’ = 0.5% (of the sample), recoded to the default (‘No’) category 
 
 
Just over four-fifths of the population did not have recent (4 weeks prior) bleeding gums 
(approximately four times greater than the proportion who did), and there were differences by 
ethnicity and SES. Slightly greater proportions of those who identified as Māori or Pacific, 
whereas a lower proportion of those who resided in the least deprived neighbourhoods, had 
recent bleeding gums. 
 
 
4.2.1.2.3 Presence of persistent marks on teeth 
Data on the presence of persistent marks on the teeth are presented by sociodemographic 
characteristics in Table 4.48. 
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Table 4.48 Presence of persistent marks on teeth (OHSQ45) by sociodemographic 
characteristics – population percentage estimates (data are row percentages; brackets contain 
95% C.I.) 
 
 Presence of persistent marksb on teeth 
 Yes No Missing 
Sex    
Female 14.4 (5.8, 31.4) 85.2 (68.6, 93.8) 0.4 (0.1, 1.8) 
Male 21.6 (10.7, 38.6) 78.0 (61.1, 88.9) 0.4 (0.1, 1.7) 
Age group     
15   8.7 (3.1, 22.2) 89.7 (76.8, 95.8) 1.6 (0.6, 4.5) 
16 15.8 (5.1, 39.6) 84.2 (60.4, 94.9) 0.0  
17 25.9 (12.1, 47.1) 74.1 (52.9, 87.9) 0.0  
Ethnic group     
Māori 16.1 (6.1, 36.1) 82.9 (63.5, 93.1) 1.1 (0.2, 4.7) 
Pacific 40.0 (11.7, 77.0) 59.1 (22.5, 87.8) 0.9 (0.1, 6.8) 
Asian 45.4 (9.3, 87.1) 53.5 (12.6, 90.2) 1.0 (0.1, 9.3) 
European/Other 13.7 (6.7, 26.0) 86.0 (73.9, 93.0) 0.3 (0.1, 1.2)a 
Deprivation quintile    
1 (least deprived) 32.0 (9.5, 67.9) 67.2 (31.8, 90.0) 0.7 (0.1, 6.0) 
2   7.5 (1.7, 27.2) 92.2 (73.1, 98.1) 0.4 (0.0, 3.0) 
3 10.8 (2.5, 36.1) 88.8 (64.0, 97.2) 0.4 (0.1, 3.3) 
4 20.5 (5.0, 55.6) 79.0 (44.7, 94.6) 0.5 (0.1, 3.9) 
5 (most deprived) 30.0 (11.0, 59.7) 70.0 (40.3, 89.0) 0.0  
Fluoridated area status    
Fluoridated 16.5 (6.3, 36.5) 83.5 (63.5, 93.7) 0.0  
Non-fluoridated 20.5 (8.6, 41.6) 78.7 (58.1, 90.8) 0.8 (0.3, 2.2) 
    
All combined 18.6 (11.0, 29.9) 81.0 (69.8, 88.6) 0.4 (0.1, 1.1) 
    
a P<0.05    
b That won’t brush off 
% missing = 1.8% (of the sample)   
% ‘Don’t know’ = 5.4% (of the sample), recoded to the default (‘No’) category 
 
 
Just over four-fifths of the population did not have persistent marks on their teeth 
(approximately four times greater than the proportion who did), and there were differences by 
age and ethnicity. Greater proportions of those who identified as Pacific or Asian, whereas a 
lower proportion of the 15-year-olds, had persistent marks on their teeth. 
 
 
4.2.1.2.4 Self-perceived need for dental care 
Data on the population’s self-perceived need for dental care are presented by 




Table 4.49 Self-perceived need for dental care (OHSQ50) by sociodemographic 
characteristics – population percentage estimates (data are row percentages; brackets contain 
95% C.I.) 
 
 Self-perceived need for dental care 
 Yes No Missing 
Sex    
Female 41.9 (26.1, 59.6) 57.6 (40.1, 73.4) 0.4 (0.1, 1.8)a 
Male 16.0 (7.6, 30.6) 83.6 (69.1, 92.0) 0.4 (0.1, 1.7) 
Age group     
15 21.7 (9.7, 41.8) 76.6 (57.0, 89.0) 1.6 (0.6, 4.5) 
16 36.1 (18.5, 58.5) 63.9 (41.5, 81.5) 0.0  
17 23.3 (11.8, 40.7) 76.7 (59.3, 88.2) 0.0  
Ethnic group     
Māori 29.6 (17.3, 45.8) 69.3 (52.7, 82.1) 1.1 (0.2, 4.7) 
Pacific 31.3 (12.9, 58.3) 67.9 (41.2, 86.4) 0.9 (0.1, 6.8) 
Asian 19.0 (1.6, 77.4) 80.0 (23.4, 98.1) 1.0 (0.1, 9.3) 
European/Other 26.3 (17.2, 38.0) 73.4 (61.8, 82.5) 0.3 (0.1, 1.2) 
Deprivation quintile    
1 (least deprived) 42.3 (15.6, 74.4) 57.0 (25.1, 84.0) 0.7 (0.1, 6.0) 
2 12.3 (3.1, 37.9) 87.3 (62.2, 96.6) 0.4 (0.0, 3.0) 
3 19.5 (8.1, 40.0) 80.1 (59.7, 91.6) 0.4 (0.1, 3.3) 
4 40.1 (17.2, 68.2) 59.4 (31.5, 82.3) 0.5 (0.1, 3.9) 
5 (most deprived) 28.5 (12.4, 53.1) 71.5 (46.9, 87.6) 0.0  
Fluoridated area status    
Fluoridated 19.5 (10.8, 32.5) 80.5 (67.5, 89.2) 0.0  
Non-fluoridated 32.9 (19.8, 49.3) 66.3 (50.1, 79.4) 0.8 (0.3, 2.2) 
    
All combined 26.6 (18.4, 36.8) 73.0 (62.9, 81.1) 0.4 (0.1, 1.1) 
    
a P<0.05  
% missing = 1.8% (of the sample)   
% ‘Don’t know’ = 3.2% (of the sample), recoded to the default (‘No’) category 
 
 
Just under three-quarters of the population did not feel that they needed dental treatment at the 
time (almost three times greater than the proportion who did), and there were differences by 
sex, whereby a significantly greater proportion of the females felt that they needed dental 
treatment at the time. Differences by SES did not follow a clear gradient. 
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4.2.1.3 Oral health impact 
The following section presents data on the impact of the population’s oral health. 
 
4.2.1.3.1 Teeth/mouth pain/discomfort 
Data on the population’s history of recent teeth/mouth pain/discomfort (4 weeks prior) are 
presented by sociodemographic characteristics in Table 4.50. 
 
 
Table 4.50 History of recent teeth/mouth pain/discomfort (4 weeks prior) (OHSQ15) by 
sociodemographic characteristics – population percentage estimates (data are row 
percentages; brackets contain 95% C.I.) 
 
 History of recent teeth/mouth pain/discomfort 
(4 weeks prior) 
 Yes No Missing 
Sex    
Female 21.8 (11.4, 37.5) 77.8 (62.2, 88.2) 0.4 (0.1, 1.8) 
Male 32.2 (18.0, 50.8) 67.4 (48.9, 81.7) 0.4 (0.1, 1.7) 
Age group     
15 19.3 (9.9, 34.2) 79.1 (64.5, 88.7) 1.6 (0.6, 4.5) 
16 45.3 (26.8, 65.3) 54.7 (34.7, 73.2) 0.0  
17 21.6 (8.4, 45.3) 78.4 (54.7, 91.6) 0.0  
Ethnic group     
Māori 36.5 (20.1, 56.9) 62.4 (42.3, 79.0) 1.1 (0.2, 4.7) 
Pacific 31.7 (5.3, 79.2) 67.4 (20.6, 94.3) 0.9 (0.1, 6.8) 
Asian   5.7 (0.9, 28.4) 93.2 (70.9, 98.7) 1.0 (0.1, 9.3)a 
European/Other 27.1 (17.2, 40.0) 72.6 (59.8, 82.5) 0.3 (0.1, 1.2) 
Deprivation quintile    
1 (least deprived) 23.2 (6.1, 58.6) 76.1 (41.1, 93.5) 0.7 (0.1, 6.0) 
2 37.1 (17.0, 62.9) 62.6 (36.9, 82.7) 0.4 (0.0, 3.0) 
3 20.9 (7.3, 47.0) 78.7 (52.7, 92.5) 0.4 (0.1, 3.3) 
4 24.0 (10.4, 46.0) 75.5 (53.3, 89.3) 0.5 (0.1, 3.9) 
5 (most deprived) 31.3 (7.9, 70.7) 68.7 (29.3, 92.1) 0.0  
Fluoridated area status    
Fluoridated 15.6 (6.2, 34.2) 84.4 (65.8, 93.8) 0.0a 
Non-fluoridated 38.7 (25.3, 54.1) 60.5 (45.3, 73.9) 0.8 (0.3, 2.2) 
    
All combined 28.0 (18.2, 40.3) 71.6 (59.4, 81.4) 0.4 (0.1, 1.1) 
    
a P<0.05  
% missing = 1.8% (of the sample)   






Almost three-quarters of the population did not have recent teeth/mouth pain/discomfort 
(approximately 2.5 times greater than the proportion who did), and there were differences by 
age, ethnicity and fluoridated area status. A greater proportion of the 16-year-olds 
experienced recent teeth/mouth pain/discomfort. Conversely, a considerably lower proportion 
of those who identified as Asian (statistically significant and approximately four to six times 
lower than the overall and other ethnic group proportions), and a significantly lower 




4.2.1.3.2 Time off work/school 
Data on the population’s history of time off work/school due to teeth/mouth problems in the 
previous 12 months are presented by sociodemographic characteristics in Table 4.51. 
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Table 4.51 History of time off work/school due to teeth/mouth problems in the previous 12 
months (OHSQ38) by sociodemographic characteristics – population percentage estimates 
(data are row percentages; brackets contain 95% C.I.) 
 
 History of time off work/school due to teeth/mouth 
problems in the previous 12 months 
 Yes No Missing 
Sex    
Female 13.1 (4.9, 30.6) 86.4 (69.3, 94.7) 0.4 (0.1, 1.8) 
Male 13.0 (5.7, 26.8) 86.6 (73.0, 93.9) 0.4 (0.1, 1.7) 
Age group     
15 27.9 (13.3, 49.3) 70.5 (49.7, 85.2) 1.6 (0.6, 4.5)a 
16 19.9 (7.1, 44.6) 80.1 (55.4, 92.9) 0.0  
17   0.4 (0.0, 16.9) 99.6 (83.1, 100.0) 0.0  
Ethnic group     
Māori 18.5 (8.6, 35.4) 80.4 (63.7, 90.6) 1.1 (0.2, 4.7) 
Pacific   3.9 (0.5, 24.2) 95.2 (78.0, 99.1) 0.9 (0.1, 6.8) 
Asian   5.2 (0.7, 28.6) 93.8 (70.8, 99.0) 1.0 (0.1, 9.3) 
European/Other 14.0 (7.3, 25.3) 85.7 (74.6, 92.5) 0.3 (0.1, 1.2) 
Deprivation quintile    
1 (least deprived) 13.5 (3.8, 38.1) 85.8 (61.5, 95.8) 0.7 (0.1, 6.0) 
2 20.3 (6.8, 47.0) 79.4 (52.9, 92.9) 0.4 (0.0, 3.0) 
3   4.9 (0.8, 23.9) 94.7 (76.8, 99.0) 0.4 (0.1, 3.3) 
4 22.7 (6.4, 56.0) 76.8 (43.8, 93.3) 0.5 (0.1, 3.9) 
5 (most deprived)   1.5 (0.3, 6.5) 98.5 (93.5, 99.7) 0.0  
Fluoridated area status    
Fluoridated   8.9 (3.7, 19.9) 91.1 (80.1, 96.3) 0.0  
Non-fluoridated 16.6 (7.7, 32.3) 82.6 (67.2, 91.7) 0.8 (0.3, 2.2) 
    
All combined 13.0 (7.2, 22.4) 86.5 (77.3, 92.4) 0.4 (0.1, 1.1) 
    
a P<0.05   
% missing = 1.8% (of the sample)   
 
 
Almost nine-tenths of the population had not had time off work/school due to teeth/mouth 
problems in the previous 12 months (approximately seven times greater than the proportion 
that had time off), and there were differences by age and ethnicity. A significantly greater 
proportion of the 15-year-olds, but a significantly lower proportion of the 17-year-olds, had 
time of work/school. Lower proportions of those who identified as Pacific or Asian had time 




4.2.1.4 Preventive care and fluoride exposure 
The following section presents data on the population’s preventive care behaviours and 
exposure to fluoride. 
 
4.2.1.4.1 Toothbrushing frequency 
Data on the population’s toothbrushing frequency are presented by sociodemographic 






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Just over half of the population brushed their teeth twice daily, about one-third did so once 
daily, roughly one-tenth rarely brushed their teeth (less than daily), and very few brushed 
more than twice per day. There were toothbrushing frequency differences by sex, age, 
ethnicity and SES. None of the males, 16-year-olds, or those who identified as Māori, Pacific 
or Asian, brushed more than twice daily. A slightly greater proportion of those who identified 
as Asian, and greater proportions of those who resided in the lesser deprived neighbourhoods 
(deprivation quintiles 1 to 2), whereas a lower proportion of those who resided in the most 
deprived neighbourhoods, brushed twice daily. A slightly greater proportion of the 16-year-
olds, and a greater proportion of those who resided in the most deprived neighbourhoods, 
brushed only once daily. A greater proportion of those who identified as Pacific, or those who 
resided in the most deprived neighbourhoods, whereas lower proportions of the females, those 




4.2.1.4.2 Interdental cleaning frequency 
Data on the population’s interdental cleaning frequency are presented by sociodemographic 




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Almost equal proportions of the population never or rarely (less than once per day) cleaned 
between their teeth, and lower proportions (less than one-tenth) cleaned between their teeth 
once or more per day. There were interdental cleaning frequency differences by age, ethnicity 
and SES. A greater proportion of those who resided in the least deprived neighbourhoods 
rarely cleaned between their teeth. None of the males, 16-year-olds, those who identified as 
Asian, those in deprivation quintiles 1 or 3, or those who resided in fluoridated areas, cleaned 
between their teeth more than once per day. 
 
 
4.2.1.4.3 Professional dental cleaning 
Data on the population’s history of professional dental cleaning are presented by 
sociodemographic characteristics in Table 4.54. 
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Table 4.54 History of professional dental cleaning (OHSQ56) by sociodemographic 
characteristics – population percentage estimates (data are row percentages; brackets contain 
95% C.I.) 
 
 History of professional dental cleaninga 
 Yes No Missing 
Sex    
Female 67.5 (48.8, 81.8) 32.1 (17.8, 50.8) 0.4 (0.1, 1.8) 
Male 67.4 (51.8, 79.9) 32.2 (19.8, 47.8) 0.4 (0.1, 1.7) 
Age group     
15 73.6 (57.8, 85.0) 24.8 (13.6, 40.8) 1.6 (0.6, 4.5) 
16 52.4 (30.9, 73.0) 47.6 (27.0, 69.1) 0.0  
17 73.6 (55.2, 86.3) 26.4 (13.7, 44.8) 0.0  
Ethnic group     
Māori 60.9 (41.7, 77.2) 38.0 (21.9, 57.3) 1.1 (0.2, 4.7) 
Pacific 50.7 (32.4, 68.8) 48.4 (30.6, 66.6) 0.9 (0.1, 6.8) 
Asian 82.8 (51.8, 95.5) 16.2 (4.1, 46.5) 1.0 (0.1, 9.3) 
European/Other 69.7 (55.8, 80.7) 30.1 (19.0, 44.0) 0.3 (0.1, 1.2) 
Deprivation quintile    
1 (least deprived) 62.4 (28.5, 87.4) 36.9 (12.2, 71.1) 0.7 (0.1, 6.0) 
2 63.9 (39.9, 82.5) 35.8 (17.2, 59.9) 0.4 (0.0, 3.0) 
3 81.1 (50.2, 94.8) 18.5 (4.9, 49.7) 0.4 (0.1, 3.3) 
4 82.6 (64.1, 92.7) 16.9 (7.0, 35.4) 0.5 (0.1, 3.9) 
5 (most deprived) 47.0 (24.4, 70.9) 53.0 (29.1, 75.6) 0.0  
Fluoridated area status    
Fluoridated 71.1 (55.2, 83.1) 28.9 (16.9, 44.8) 0.0  
Non-fluoridated 64.2 (46.3, 78.9) 35.0 (20.5, 53.0) 0.8 (0.3, 2.2) 
    
All combined 67.4 (55.8, 77.2) 32.2 (22.4, 43.8) 0.4 (0.1, 1.1) 
    
a By a dentist or dental hygienist 
% missing = 1.8% (of the sample)   
% ‘Don’t know’ = 5.0% (of the sample), recoded to the default (‘No’) category 
 
 
Just over two-thirds of the population had previously had their teeth professionally cleaned 
(approximately two times greater than the proportion who had not), and there were 
differences by age and ethnicity. A greater proportion of those who identified as Asian, 
whereas lower proportions of the 16-year-olds, or those who identified as Pacific, had 








4.2.1.4.4 Toothpaste use when cleaning teeth 
Data on the population’s use of toothpaste when cleaning their teeth are presented by 
sociodemographic characteristics in Table 4.55. 
 
 
Table 4.55 Toothpaste use when cleaning teeth (OHSQ58) by sociodemographic 
characteristics – population percentage estimates (data are row percentages; brackets contain 
95% C.I.) 
 
 Toothpaste use when cleaning teeth  
 Always Sometimes 
Sex   
Female   99.6 (98.2, 99.9) 0.4 (0.1, 1.8) 
Male   99.6 (98.3, 99.9) 0.4 (0.1, 1.7) 
Age group    
15   98.4 (95.5, 99.4) 1.6 (0.6, 4.5) 
16 100.0  0.0  
17 100.0  0.0  
Ethnic group    
Māori   98.9 (95.3, 99.8) 1.1 (0.2, 4.7) 
Pacific   99.1 (93.2, 99.9) 0.9 (0.1, 6.8) 
Asian   99.0 (90.7, 99.9) 1.0 (0.1, 9.3) 
European/Other   99.7 (98.8, 99.9) 0.3 (0.1, 1.2) 
Deprivation quintile   
1 (least deprived)   99.3 (94.0, 99.9) 0.7 (0.1, 6.0) 
2   99.6 (97.0, 100.0) 0.4 (0.0, 3.0) 
3   99.6 (96.7, 99.9) 0.4 (0.1, 3.3) 
4   99.5 (96.1, 99.9) 0.5 (0.1, 3.9) 
5 (most deprived) 100.0  0.0  
Fluoridated area status   
Fluoridated 100.0  0.0  
Non-fluoridated   99.2 (97.8, 99.7) 0.8 (0.3, 2.2) 
   
All combined   99.6 (98.9, 99.9) 0.4 (0.1, 1.1) 
   
% missing = 1.8% (of the sample) (recoded to the 'Sometimes' category – software failed to run survey analysis 
if recoded as missing, 97% was 'Always' already, too few in the other categories to allow for 
inference if missing not recoded as 'Sometimes') 
 
 
Almost all of the population always used toothpaste when they cleaned their teeth, and there 
were very slight differences by age, SES and fluoridated area status. All of the 16- or 17-year-
olds, those who resided in the most deprived neighbourhoods, or those who resided in 





4.2.1.4.5 Fluoride toothpaste use 
Data on the strength of fluoride toothpaste that the population used are presented by 















































































































































































































































































































































































































































































































































































































































































































































































































Almost all of the population usually used standard-strength fluoride toothpaste (1000ppm), 
whereas very few used non-fluoride toothpaste, and almost no-one used low-strength fluoride 
toothpaste (400 to 500ppm). There were very slight differences in the strength of fluoride 
toothpaste used by age, ethnicity and SES. All of those who resided in the most deprived 
neighbourhoods usually used 1000ppm fluoride toothpaste. None of the 15-year-olds, or those 




4.2.1.5 Smoking status 
The following section presents data on the population’s smoking status (cigarettes and/or 
tobacco, including pipes and/or cigars). 
 
4.2.1.5.1 History of ever smoking 
Data on the population’s history of ever smoking are presented by sociodemographic 
characteristics in Table 4.57. 
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Table 4.57 History of ever smoking (OHSQ65) by sociodemographic characteristics – 
population percentage estimates (data are row percentages; brackets contain 95% C.I.) 
 
 History of ever smoking 
 Yes No Missing 
Sex    
Female 34.6 (19.7, 53.4) 64.9 (46.0, 80.1) 0.4 (0.1, 1.8) 
Male 26.5 (16.6, 39.6) 73.1 (60.0, 83.1) 0.4 (0.1, 1.7) 
Age group     
15 15.1 (8.4, 25.8) 83.3 (73.0, 90.1) 1.6 (0.6, 4.5) 
16 31.6 (16.1, 52.8) 68.4 (47.2, 83.9) 0.0  
17 36.9 (22.4, 54.2) 63.1 (45.8, 77.6) 0.0  
Ethnic group     
Māori 53.1 (32.4, 72.8) 45.8 (26.2, 66.7) 1.1 (0.2, 4.7)a 
Pacific 59.0 (38.9, 76.5) 40.1 (22.7, 60.4) 0.9 (0.1, 6.8)a 
Asian   3.1 (0.5, 17.1) 95.9 (81.4, 99.2) 1.0 (0.1, 9.3)a 
European/Other 27.6 (18.3, 39.4) 72.1 (60.3, 81.5) 0.3 (0.1, 1.2) 
Deprivation quintile    
1 (least deprived) 24.1 (6.7, 58.1) 75.2 (41.6, 92.8) 0.7 (0.1, 6.0)a 
2 16.2 (5.3, 40.0) 83.4 (60.0, 94.4) 0.4 (0.0, 3.0) 
3 28.2 (11.2, 54.9) 71.4 (44.7, 88.5) 0.4 (0.1, 3.3) 
4 24.5 (10.9, 46.2) 75.0 (53.2, 88.8) 0.5 (0.1, 3.9) 
5 (most deprived) 68.2 (48.3, 83.1) 31.8 (16.9, 51.7) 0.0  
    
All combined 29.8 (21.5, 39.9) 69.7 (59.7, 78.2) 0.4 (0.1, 1.1) 
    
a P<0.05   
% missing = 1.8% (of the sample) 
% ‘Refused’ = 0.5% (of the sample), recoded to the ‘Yes’ category 
 
 
Almost seven-tenths of the population had not previously smoked cigarettes or tobacco 
(approximately 2.5 times greater than the proportion who had), and there were differences by 
age, ethnicity and SES. A significantly greater proportion of those who identified as Māori or 
Pacific (more than half of each of those ethnic groups), and a considerably greater proportion 
of those who resided in the most deprived neighbourhoods (statistically significant and two to 
four times greater than the overall and other deprivation quintile proportions), had a history of 
ever smoking. Conversely, a lower proportion of the 15-year-olds, and a significantly lower 
proportion of those who identified as Asian (almost none), had a history of ever smoking. 
 
 
4.2.1.5.2 Current smoking frequency 
Data on the population’s current smoking frequency are presented by sociodemographic 
































































































































































































































































































































































































































































































































































































































































































































































































































































































Almost half of the population who reported ever smoking were not smoking at the time. 
Around one-third of those who were smoking were doing so at least once per day, just over 
one-tenth were smoking only at least once per week, and only a few were smoking less than 
once per week. There was a difference in smoking frequency by ethnicity, whereby a slightly 
greater proportion of those who identified as Asian smoked more often (at least once per day). 




4.2.1.6 Dental visiting patterns 
The following section presents data on the population’s dental visiting patterns. 
 
4.2.1.6.1 History of recent dental visit(s) 
Data on the population’s history of dental visit(s) in the previous 12 months are presented by 
sociodemographic characteristics in Table 4.59. 
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Table 4.59 History of dental visit(s) in the previous 12 months (OHSQ68) by 
sociodemographic characteristics – population percentage estimates (data are row 
percentages; brackets contain 95% C.I.) 
 
 History of dental visit(s) in the previous 12 months 
 Yes No Missing 
Sex    
Female 59.6 (40.9, 75.9) 39.9 (23.8, 58.6) 0.4 (0.1, 1.8) 
Male 82.2 (65.6, 91.7) 17.5 (7.9, 34.2) 0.4 (0.1, 1.7) 
Age group     
15 84.3 (72.7, 91.5) 14.1 (7.1, 26.0) 1.6 (0.6, 4.5) 
16 68.8 (48.2, 83.9) 31.2 (16.1, 51.8) 0.0  
17 69.3 (46.8, 85.3) 30.7 (14.7, 53.2) 0.0  
Ethnic group     
Māori 67.8 (52.6, 80.0) 31.1 (19.2, 46.3) 1.1 (0.2, 4.7) 
Pacific 65.9 (41.6, 84.0) 33.2 (15.3, 57.8) 0.9 (0.1, 6.8) 
Asian 84.6 (55.3, 96.1) 14.3 (3.6, 42.8) 1.0 (0.1, 9.3) 
European/Other 72.1 (58.1, 82.8) 27.6 (16.9, 41.7) 0.3 (0.1, 1.2) 
Deprivation quintile    
1 (least deprived) 60.4 (27.4, 86.0) 38.9 (13.5, 72.1) 0.7 (0.1, 6.0) 
2 75.9 (48.0, 91.5) 23.7 (8.3, 51.8) 0.4 (0.0, 3.0) 
3 87.2 (64.2, 96.3) 12.4 (3.5, 35.7) 0.4 (0.1, 3.3) 
4 76.2 (58.1, 88.0) 23.3 (11.6, 41.4) 0.5 (0.1, 3.9) 
5 (most deprived) 61.3 (33.6, 83.3) 38.7 (16.7, 66.4) 0.0  
Fluoridated area status    
Fluoridated 78.1 (64.1, 87.7) 21.9 (12.3, 35.9) 0.0  
Non-fluoridated 68.4 (50.3, 82.3) 30.8 (17.1, 49.0) 0.8 (0.3, 2.2) 
    
All combined 72.9 (61.4, 82.0) 26.6 (17.6, 38.2) 0.4 (0.1, 1.1) 
    
% missing = 1.8% (of the sample) 
% ‘Don’t know’ = 1.4% (of the sample), recoded to the ‘No’ category (presumed would remember a dental visit  
  if one occurred) 
 
 
Almost three-quarters of the population had visited a dental professional in the previous 12 
months (approximately three times greater than the proportion who had not), and there were 
differences by sex, age and ethnicity. Slightly greater proportions of the 15-year-olds, or those 
who identified as Asian, whereas a slightly lower proportion of the females, had visited a 









4.2.1.6.2 Reason for the last dental visit 
Data on the population’s reason for their last dental visit are presented by sociodemographic 





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Just over four-fifths of the population last visited a dental professional for a check-up, 
whereas only one in seven visited for relief of pain/a concern, only a few for a prior treatment 
plan, and very few for dental trauma. There were differences by age and ethnicity. Lower 
proportions of the 17-year-olds, or those who identified as Asian, last visited a dental 
professional for relief of pain/a concern. A greater proportion of the 17-year-olds, whereas a 
lower proportion of those who identified as Pacific, and a slightly lower proportion of the 16-
year-olds, last visited a dental professional for a check-up. Differences by SES did not follow 
a clear gradient. 
 
 
4.2.1.6.3 Usual reason for dental visit(s) 
Data on the population’s usual reason for dental visit(s) are presented by sociodemographic 
characteristics in Table 4.61. 
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Table 4.61 Usual reason for dental visit(s) (OHSQ93) by sociodemographic characteristics – 
population percentage estimates (data are row percentages; brackets contain 95% C.I.) 
 
 Usual reason for dental visit(s) 
 Problem Check-up Missing 
Sex    
Female 20.0 (10.3, 35.4) 79.5 (64.2, 89.4) 0.4 (0.1, 1.8) 
Male   6.3 (2.1, 17.4) 91.9 (80.3, 96.9) 1.8 (0.4, 8.9) 
Age group     
15 16.7 (6.4, 37.0) 78.3 (58.6, 90.2) 5.0 (1.2, 18.2) 
16 12.9 (5.2, 28.5) 87.1 (71.5, 94.8) 0.0  
17   8.6 (2.5, 25.8) 91.4 (74.2, 97.5) 0.0  
Ethnic group     
Māori 15.8 (7.1, 31.7) 83.1 (66.9, 92.3) 1.1 (0.2, 4.7) 
Pacific   6.2 (1.8, 19.8) 92.9 (79.8, 97.7) 0.9 (0.1, 6.8) 
Asian 13.7 (3.8, 38.8) 85.3 (59.3, 95.8) 1.0 (0.1, 9.3) 
European/Other 10.8 (5.1, 21.5) 87.9 (77.1, 94.0) 1.3 (0.3, 6.3) 
Deprivation quintile    
1 (least deprived)   8.0 (1.3, 36.8) 91.3 (63.9, 98.4) 0.7 (0.1, 6.0) 
2 17.2 (5.7, 41.9) 82.4 (58.1, 94.1) 0.4 (0.0, 3.0) 
3   5.9 (1.3, 22.7) 93.7 (77.3, 98.5) 0.4 (0.1, 3.3) 
4 14.9 (5.8, 33.5) 79.0 (58.4, 91.0) 6.0 (0.9, 32.0) 
5 (most deprived) 12.8 (4.4, 31.5) 87.2 (68.5, 95.6) 0.0  
Fluoridated area status    
Fluoridated 17.2 (8.4, 32.0) 82.8 (68.0, 91.6) 0.0  
Non-fluoridated   7.3 (2.8, 17.6) 90.3 (80.2, 95.6) 2.4 (0.6, 9.4) 
    
All combined 11.9 (6.7, 20.4) 86.8 (78.3, 92.3) 1.3 (0.3, 4.9) 
    
% missing = 2.3% (of the sample) 
% ‘Don’t know’ = 1.4% (of the sample), recoded to the default (‘Check-up’) category 
 
 
Almost nine-tenths of the population usually visited a dental professional for a check-up 
(approximately seven times greater than the proportion who usually attended for a problem), 
and there were no differences by sociodemographic characteristics. 
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4.2.1.7 Orofacial trauma and trauma-related behaviour 
The following section presents data on orofacial trauma in the population and their trauma-
related behaviour. 
 
4.2.1.7.1 Playing contact sport 
Data on the population’s contact sport playing status are presented by sociodemographic 
characteristics in Table 4.62. 
 
 
Table 4.62 Contact sport playing status (OHSQ62) by sociodemographic characteristics – 
population percentage estimates (data are row percentages; brackets contain 95% C.I.) 
 
 Contact sport playing status 
 Yes No Missing 
Sex    
Female 33.2 (19.4, 50.5) 66.4 (48.8, 80.4) 0.4 (0.1, 1.8) 
Male 49.1 (32.1, 66.3) 50.5 (33.2, 67.6) 0.4 (0.1, 1.7) 
Age group     
15 53.2 (37.3, 68.4) 45.2 (30.1, 61.2) 1.6 (0.6, 4.5) 
16 34.8 (18.4, 55.9) 65.2 (44.1, 81.6) 0.0  
17 41.6 (20.7, 66.1) 58.4 (33.9, 79.3) 0.0  
Ethnic group     
Māori 41.4 (22.8, 62.8) 57.5 (36.3, 76.4) 1.1 (0.2, 4.7) 
Pacific 69.5 (24.3, 94.2) 29.6 (5.4, 75.6) 0.9 (0.1, 6.8) 
Asian 13.5 (3.2, 41.9) 85.5 (56.5, 96.4) 1.0 (0.1, 9.3)a 
European/Other 45.3 (32.5, 58.7) 54.4 (40.9, 67.3) 0.3 (0.1, 1.2) 
Deprivation quintile    
1 (least deprived) 10.0 (3.8, 23.6) 89.3 (75.4, 95.8) 0.7 (0.1, 6.0)a 
2 50.2 (25.3, 75.0) 49.4 (24.6, 74.5) 0.4 (0.0, 3.0) 
3 47.6 (20.3, 76.4) 52.0 (23.3, 79.4) 0.4 (0.1, 3.3) 
4 40.7 (19.0, 66.8) 58.7 (32.7, 80.7) 0.5 (0.1, 3.9) 
5 (most deprived) 65.1 (44.0, 81.5) 34.9 (18.5, 56.0) 0.0  
    
All combined 42.6 (30.8, 55.3) 57.0 (44.3, 68.9) 0.4 (0.1, 1.1) 
    
a P<0.05   
% missing = 1.8% (of the sample) 
178
 
Almost half of the population played contact sport, and there were differences by ethnicity 
and SES. A greater proportion of those who identified as Pacific, and a statistically greater 
proportion of those who resided in the most deprived neighbourhoods, played contact sport. 
Conversely, a considerably lower proportion of those who identified as Asian (statistically 
significant and approximately three to five times lower than the overall and other ethnic group 
proportions), and a considerably lower proportion of those who resided in the least deprived 
neighbourhoods (statistically significant and approximately four to seven times lower than the 
overall and other deprivation quintile proportions), played contact sport. 
 
 
4.2.1.7.2 Mouthguard use 
Data on the population’s mouthguard use (when playing contact sport) are presented by 
sociodemographic characteristics in Table 4.63. 
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Table 4.63 Mouthguard use (when playing contact sport) (OHSQ63) by sociodemographic 
characteristics – population percentage estimates (data are row percentages; brackets contain 
95% C.I.) 
 
 Mouthguard use 
 Yes No 
Sex   
Female 40.5 (14.4, 73.5) 59.5 (26.5, 85.6) 
Male 67.7 (37.7, 88.0) 32.3 (12.0, 62.3) 
Age group    
15 70.9 (46.8, 87.1) 29.1 (12.9, 53.2) 
16 48.6 (16.5, 81.9) 51.4 (18.1, 83.5) 
17 56.3 (20.2, 86.7) 43.7 (13.3, 79.8) 
Ethnic group    
Māori 58.4 (35.1, 78.5) 41.6 (21.5, 64.9) 
Pacific 58.5 (8.8, 95.3) 41.5 (4.7, 91.2) 
Asian 10.3 (0.9, 58.6) 89.7 (41.4, 99.1)a 
European/Other 63.8 (41.5, 81.4) 36.2 (18.6, 58.5)a 
Deprivation quintile   
1 (least deprived) 49.6 (12.4, 87.3) 50.4 (12.7, 87.6) 
2 67.5 (36.3, 88.3) 32.5 (11.7, 63.7) 
3 50.1 (9.0, 91.1) 49.9 (8.9, 91.0) 
4 54.0 (23.4, 81.8) 46.0 (18.2, 76.6) 
5 (most deprived) 61.4 (14.7, 93.7) 38.6 (6.3, 85.3) 
   
All combined 59.1 (38.8, 76.7) 40.9 (23.3, 61.2) 
   
a P<0.05  




Of those who played contact sport, just over half wore a mouthguard when playing that sport, 
and there was a difference by ethnicity. A significantly lower proportion of those who 
identified as Asian wore a mouthguard when playing contact sport (approximately six times 
lower than the overall and other ethnic group proportions). 
 
 
4.2.1.7.3 History of orofacial trauma 
Data on the population’s self-reported history of orofacial trauma are presented by 





Table 4.64 Self-reported history of orofacial trauma (OHSQ102) by sociodemographic 
characteristics – population percentage estimates (data are row percentages; brackets contain 
95% C.I.) 
 
 History of orofacial trauma 
 Yes No Missing 
Sex    
Female 32.6 (19.0, 49.8) 67.0 (49.8, 80.6) 0.4 (0.1, 1.8) 
Male 51.7 (37.4, 65.8) 46.4 (32.4, 61.1) 1.8 (0.4, 8.9) 
Age group     
15 44.1 (29.5, 59.8) 50.9 (34.3, 67.3) 5.0 (1.2, 18.2) 
16 44.3 (26.3, 63.9) 55.7 (36.1, 73.7) 0.0  
17 43.5 (25.3, 63.7) 56.5 (36.3, 74.7) 0.0  
Ethnic group     
Māori 34.4 (18.3, 55.2) 64.5 (44.0, 80.8) 1.1 (0.2, 4.7) 
Pacific 59.0 (39.7, 75.8) 40.1 (23.3, 59.7) 0.9 (0.1, 6.8) 
Asian 30.9 (6.1, 75.4) 68.0 (24.1, 93.4) 1.0 (0.1, 9.3) 
European/Other 44.1 (31.1, 57.9) 54.6 (40.8, 67.8) 1.3 (0.3, 6.3) 
Deprivation quintile    
1 (least deprived) 41.8 (15.1, 74.3) 57.5 (25.2, 84.4) 0.7 (0.1, 6.0) 
2 48.1 (26.3, 70.6) 51.6 (29.0, 73.5) 0.4 (0.0, 3.0) 
3 51.9 (28.3, 74.7) 47.7 (24.9, 71.4) 0.4 (0.1, 3.3) 
4 31.7 (12.4, 60.3) 62.3 (35.0, 83.5) 6.0 (0.9, 32.0) 
5 (most deprived) 40.4 (16.1, 70.5) 59.6 (29.5, 83.9) 0.0  
    
All combined 43.9 (33.3, 55.1) 54.8 (43.6, 65.7) 1.3 (0.3, 4.9) 
    
% missing = 2.3% (of the sample) 
% ‘Don’t know’ = 0.9% (of the sample), recoded to the default (‘No’) category (presumed would know if had) 
 
 
Almost half of the population had experienced orofacial trauma, and there were differences by 
sex and ethnicity. A greater proportion of those who identified as Pacific, whereas lower 




4.2.1.7.4 History of dental trauma 
Data on whether dental trauma was sustained during orofacial trauma are presented by 
sociodemographic characteristics in Table 4.65. 
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Table 4.65 Whether dental trauma sustained during orofacial trauma (OHSQ104) by 
sociodemographic characteristics – population percentage estimates (data are row 
percentages; brackets contain 95% C.I.) 
 
 Whether dental trauma sustained during orofacial trauma 
 Yes No 
Sex   
Female 60.4 (32.9, 82.6) 39.6 (17.4, 67.1) 
Male 36.9 (18.0, 60.9) 63.1 (39.1, 82.0) 
Age group    
15 51.8 (26.7, 76.1) 48.2 (23.9, 73.3) 
16 36.3 (13.4, 67.8) 63.7 (32.2, 86.6) 
17 44.7 (15.2, 78.5) 55.3 (21.5, 84.8) 
Ethnic group    
Māori 34.0 (13.6, 62.7) 66.0 (37.3, 86.4) 
Pacific 47.0 (7.3, 90.9) 53.0 (9.1, 92.7) 
Asian 60.6 (5.6, 97.5) 39.4 (2.5, 94.4) 
European/Other 47.7 (28.2, 68.0) 52.3 (32.0, 71.8) 
Deprivation quintile   
1 (least deprived) 33.6 (5.2, 82.2) 66.4 (17.8, 94.8) 
2 60.9 (22.8, 89.1) 39.1 (10.9, 77.2) 
3 31.8 (11.0, 63.9) 68.2 (36.1, 89.0) 
4 53.6 (12.1, 90.7) 46.4 (9.3, 87.9) 
5 (most deprived) 36.3 (2.5, 92.8) 63.7 (7.2, 97.5) 
   
All combined 44.0 (26.4, 63.4) 56.0 (36.6, 73.6) 
   
% omitted = 56% (of the sample, gated by previous question (history of orofacial trauma), recoded to exclude 
absent values) 
% ‘Don’t know’ = 0.5% (of the sample), recoded to the default (‘No’) category (presumed would know if had) 
 
 
Of those who had experienced orofacial trauma, just under half sustained dental trauma as 




4.2.1.7.5 Type of dental trauma 
Data on the self-reported type of dental trauma sustained during orofacial trauma are 
presented by sociodemographic characteristics in Table 4.66. 
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Table 4.66 Self-reported type of dental trauma sustained during orofacial trauma (OHSQ105) 
by sociodemographic characteristics – population percentage estimates (data are row 
percentages; brackets contain 95% C.I.) 
 
a only 1 avulsion in the sample – software failed to estimate a population parameter due to low frequency;  
         therefore, luxation & avulsion combined into one category 
% omitted = 81% (of the sample, gated by previous questions (history of orofacial and dental trauma), recoded  
       to exclude absent values) 
 
The low proportions precluded presentation of the data by sociodemographic characteristics. 
 
 
Of those who sustained dental trauma, the greatest proportion sustained a chipped/fractured 
tooth/teeth, whereas considerably lower proportions sustained a luxated/avulsed tooth/teeth, 




4.2.1.7.6 Seeking/receiving dental care for dental trauma 
Data on whether dental care was sought/received for dental trauma are presented by 
sociodemographic characteristics in Table 4.67. 
 
 









     
All combined   4.1 (0.7, 21.1)  14.2 (2.9, 47.7)   13.5 (1.6, 59.9)  68.3 (38.8, 88.0) 
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Table 4.67 Whether dental care sought/received for dental trauma (OHSQ106) by 
sociodemographic characteristics – population percentage estimates (data are row 
percentages; brackets contain 95% C.I.) 
 
 Whether dental care sought/received for dental trauma 
 Yes No 
Sex   
Female 61.7 (15.5, 93.4) 38.3 (6.6, 84.5) 
Male 71.4 (33.1, 92.6) 28.6 (7.4, 66.9) 
Age group    
15 66.8 (22.4, 93.4) 33.2 (6.6, 77.6) 
16 61.9 (13.6, 94.4) 38.1 (5.6, 86.4) 
17 70.6 (16.2, 96.7) 29.4 (3.3, 83.8) 
Ethnic group    
Māori 44.7 (8.8, 87.1) 55.3 (12.9, 91.2) 
Pacific 79.4 (18.7, 98.5) 20.6 (1.5, 81.3) 
Asian 85.6 (1.3, 100.0) 14.4 (0.0, 98.7) 
European/Other 67.0 (35.0, 88.4) 33.0 (11.6, 65.0) 
Deprivation quintile   
1 (least deprived) 91.3 (36.8, 99.5)   8.7 (0.5, 63.2) 
2 54.4 (9.5, 93.2) 45.6 (6.8, 90.5) 
3 48.6 (4.7, 94.8) 51.4 (5.2, 95.3) 
4 90.5 (29.1, 99.5)   9.5 (0.5, 70.9) 
5 (most deprived) 86.0 (4.1, 99.9) 14.0 (0.1, 95.9) 
   
All combined 67.3 (38.4, 87.2) 32.7 (12.8, 61.6) 
   
% omitted = 81% (of the sample, gated by previous questions (history of orofacial and dental trauma), recoded  
       to exclude absent values) 
 
 
Of those who sustained dental injuries, just over two-thirds sought/received dental care for 
that injury, and there were differences by SES, but they did not follow a clear gradient. 
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4.2.1.8 Dental anxiety 
The following section presents data on dental anxiety in the population. 
 
4.2.1.8.1 Presence of dental anxiety 




Table 4.68 Presence of dental anxiety by sociodemographic characteristics – population 
percentage estimates (data are row percentages; brackets contain 95% C.I.) 
 
 Presence of dental anxiety 
(whether dentally anxious) 
 Yesb Noc 
Sex   
Female   9.8 (4.7, 19.2) 90.2 (80.8, 95.3)a 
Male   2.3 (0.6, 8.1) 97.7 (91.9, 99.4) 
Age group    
15 10.0 (4.1, 22.3) 90.0 (77.7, 95.9) 
16   3.9 (1.3, 10.7) 96.1 (89.3, 98.7) 
17   3.8 (1.1, 12.0) 96.2 (88.0, 98.9) 
Ethnic group    
Māori 12.7 (5.5, 27.0) 87.3 (73.0, 94.5)a 
Pacific   8.0 (2.2, 25.4) 92.0 (74.6, 97.8) 
Asian   3.6 (0.5, 21.2) 96.4 (78.8, 99.5) 
European/Other   3.6 (1.5, 8.4) 96.4 (91.6, 98.5)a 
Deprivation quintile   
1 (least deprived)   3.2 (0.4, 23.4) 96.8 (76.6, 99.6) 
2   3.0 (0.5, 16.4) 97.0 (83.6, 99.5) 
3   0.8 (0.2, 3.2) 99.2 (96.8, 99.8) 
4   9.2 (2.6, 28.0) 90.8 (72.0, 97.4) 
5 (most deprived) 14.7 (4.8, 37.4) 85.3 (62.6, 95.2) 
   
All combined   5.4 (2.9, 9.9) 94.6 (90.1, 97.1) 
   
a P<0.05 
b Dental Anxiety Scale (DAS) score ≥13 
c DAS score <13 
% missing = 2.3% (of the sample, omitted by software after recoding) 
% ‘Don’t know’ = 0 to 2.7% (of the sample, in any of the four DAS questions), recoded to the respective default  






Only a few adolescents were dentally anxious, and there were differences by ethnicity and 
SES. A significantly greater proportion of those who identified as Māori, and a greater 




4.2.2 Dental Caries 
The following section presents data on the prevalence and severity of dental caries in the 
older-age population. 
 
4.2.2.1 Bivariate analyses 
 
4.2.2.1.1 Sociodemographic characteristics 
Data on dental caries prevalence and severity are presented by sociodemographic 


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Just under two-thirds of the population had dental caries experience (DMFT>0), and this 
differed by ethnicity, SES and fluoridated area status. Caries prevalence was greater in those 
who identified as Māori or Pacific (with the greatest proportion in the Pacific ethnic group), 
or those who resided in the most deprived neighbourhoods, and significantly greater in those 
who resided in non-fluoridated areas. Conversely, caries prevalence was considerably lower 
in those who identified as Asian (approximately two times lower than the overall and other 
ethnic group proportions), and significantly lower in those who resided in fluoridated areas. 
 
Almost one in six of the population had untreated caries (DT>0), and this differed by 
ethnicity, whereby it was slightly lower in those who identified as Asian. Differences by SES 
did not follow a clear gradient. 
 
The population’s caries experience differed by ethnicity and SES. Mean DMFS and mean 
DMFT were significantly greater in those who identified as Māori (approximately two to four 
times greater than the overall and other ethnic groups’ caries experience), and mean DMFT 
was greater in those who resided in the most deprived neighbourhoods (approximately 1.5 to 
2.0 times greater than the overall and other deprivation quintiles’ caries experience).  
 
The mean number of decayed surfaces/teeth differed by ethnicity, whereby those who 
identified as Māori had more decayed surfaces/teeth. The mean number of filled teeth also 
differed by ethnicity and SES. Those who identified as Māori had significantly more filled 
teeth, and those who resided in the most deprived neighbourhoods had more filled teeth, 
whereas those who identified as Asian had fewer filled teeth. 
 
 
4.2.2.1.2 Preventive care and fluoride exposure factors 
Data on dental caries prevalence and severity are presented by preventive care and fluoride 



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Dental caries prevalence also differed by toothbrushing frequency and having a history of 
professional dental cleaning.  Caries prevalence was greater in those who rarely brushed their 
teeth, or those who did not have a history of professional dental cleaning. The prevalence of 
untreated caries also differed by toothbrushing frequency, whereby a greater proportion of 
those who brushed only rarely had untreated caries. 
 
Caries experience (represented by DMFS and DMFT) also differed by toothbrushing 
frequency, whereby caries experience was greater in those who rarely brushed their teeth. The 
mean number of filled teeth also differed by toothbrushing frequency, whereby those who 
brushed only rarely had more filled teeth. 
 
 
4.2.2.1.3 Self-reported oral health status, dental anxiety and dental visiting pattern 
factors 
Data on dental caries prevalence and severity are presented by self-reported oral health status, 























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Dental caries prevalence also differed by global self-rated oral health, having a history of 
dental visit(s) in the previous 12 months, the reason for the last dental visit, and the usual 
reason for a dental visit. Caries prevalence was significantly greater in those who self-rated 
their oral health as fair/poor, and greater in those who had not had a dental visit in the 
previous 12 months, or those who last visited for relief of pain/a concern. Conversely, caries 
prevalence was lower in those who usually visited for a problem. 
 
The prevalence of untreated caries also differed by global self-rated oral health, dental anxiety 
and the reason for the last dental visit. A considerably greater proportion of those who were 
dentally anxious (statistically significant and approximately four times greater than the overall 
and non-dentally anxious proportions), and a significantly greater proportion of those who last 
visited for relief of pain/a concern, had untreated caries. Conversely, a slightly lower 
proportion of those who self-rated their oral health as fair/poor had untreated caries. 
 
Caries experience (represented by DMFS and DMFT) also differed by global self-rated oral 
health and dental anxiety, whereby it was greater in those who self-rated their oral health as 
fair/poor, or those who were dentally anxious. 
 
The mean number of decayed surfaces/teeth also differed by dental anxiety and the reason for 
the last dental visit. Those who were dentally anxious had considerably more decay 
(statistically significant and approximately four times more than the overall and non-dentally 
anxious extent), and those who last visited for relief of pain/concern had more decayed 
surfaces/teeth. 
 
The mean number of filled teeth also differed by global self-rated oral health and dental 
anxiety, whereby those who had fair/poor self-rated oral health, or were dentally anxious, had 








4.2.2.2 Multivariable analyses 
Factors that were theoretically or significantly associated with dental caries experience in the 
bivariate analyses were included in multivariable models, to assess whether true (and un-
confounded) associations existed between any of the independent variables and caries 
experience. Logistic regression models had very poor fit. 
 
4.2.2.2.1 Multivariable negative binomial regression models for dental caries experience 
(DMFT) 
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Even though models 3 and 4 were statistically significant overall, there were no statistically 




4.2.3 Periodontal Disease 
The following section presents data on the prevalence, extent and severity of periodontal 
disease in the older-age population. 
 
4.2.3.1 Bivariate analyses 
 
4.2.3.1.1 Sociodemographic characteristics 
Data on periodontal disease prevalence, extent and severity are presented by 


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Almost three-quarters of the population had gingivitis, and this differed by age and ethnicity. 
Gingivitis prevalence was significantly greater in the 17-year-olds, or those who identified as 
Pacific, and greater in those who identified as Asian. Conversely, gingivitis prevalence was 
significantly lower in the 15-year-olds. Differences by SES did not follow a clear gradient. 
 
Almost nine-tenths of the population had CAL of ≥2mm, approximately one-tenth had CAL 
of ≥4mm, and these prevalences differed by sex, age and ethnicity. The prevalence of CAL of 
≥2mm was greater in those who identified as Pacific, and all of those who identified as Asian 
had CAL of ≥2mm. The prevalence of CAL of ≥4mm was significantly lower in the females, 
or 15- or 16-year-olds, and lower in those who identified as Māori. Differences by SES did 
not follow a clear gradient. 
 
Just under two-fifths of sites measured had CAL of ≥2mm, very few had CAL of ≥4mm, and 
these extents differed by sex, ethnicity and SES. The percentage of sites with CAL of ≥2mm 
was slightly lower in the females, or those who identified as Asian (both differences were 
statistically significant).  The percentage of sites with CAL of ≥4mm was greater in those who 
resided in the least deprived neighbourhoods. 
 
The severity of CAL did not differ by sociodemographic characteristics. 
  
 
4.2.3.1.2 Preventive care, and behaviour factors 
Data on periodontal disease prevalence, extent and severity are presented by preventive care, 































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The prevalence of gingivitis also differed by toothbrushing frequency, interdental cleaning 
frequency, having a history of ever smoking, and dental anxiety. Gingivitis prevalence was 
greater in those who rarely brushed their teeth, or those who were dentally anxious, and 
significantly greater in those with a history of ever smoking. Conversely, gingivitis 
prevalence was lower in those who cleaned interdentally once daily. 
 
The prevalence of CAL of ≥2mm also differed by toothbrushing frequency, interdental 
cleaning frequency, having a history of ever smoking, and dental anxiety. The prevalence of 
CAL of ≥2mm was greater in those who rarely brushed, or those who cleaned interdentally 
once daily, and significantly greater in those with a history of ever smoking. All of those who 
were dentally anxious had CAL of ≥2mm. The prevalence of CAL of ≥4mm also differed by 
toothbrushing frequency, whereby it was significantly greater in those who rarely brushed, 
whereas none of those who brushed only once daily had CAL of ≥4mm (the latter difference 
was statistically significant). 
 
The extent of CAL of ≥2mm and CAL of ≥4mm also differed by toothbrushing frequency, 
whereby both extents were greater in those who rarely brushed their teeth. 
 
The severity of CAL also differed by toothbrushing frequency, whereby it was slightly greater 
in those who rarely brushed their teeth.  
 
 
4.2.3.1.3 Oral health status and dental visiting pattern factors 
Data on periodontal disease prevalence, extent and severity are presented by oral health status 
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The prevalence of gingivitis also differed by recent bleeding gums, having a history of dental 
visit(s) in the previous 12 months, and the reason for the last dental visit. Gingivitis 
prevalence was greater in those who had recent bleeding gums, or those who had not had a 
dental visit in the previous 12 months, whereas it was lower in those who last visited for relief 
of pain/a concern. 
 
The prevalence of CAL of ≥2mm also differed by recent bleeding gums, and global self-rated 
oral health. The prevalence of CAL of ≥2mm was greater in those who had recent bleeding 
gums, and significantly greater in those whose global self-rated oral health was fair/poor. 
 
The prevalence of CAL of ≥4mm also differed by recent bleeding gums, global self-rated oral 
health, caries experience, having a history of dental visit(s) in the previous 12 months, the 
reason for the last dental visit, and the usual reason for a dental visit. The prevalence of CAL 
of ≥4mm was lower in those with recent bleeding gums, and significantly lower in those who 
had not had a dental visit in the previous 12 months, and it was lower in those who last visited 
for relief of pain/a concern, or usually visited for a problem. None of those with fair/poor 
global self-rated oral health, or those without caries experience, had CAL of ≥4mm (the latter 
difference was statistically significant). 
 
The extent of CAL of ≥2mm also differed by recent bleeding gums, caries experience, and 
having a history of dental visit(s) in the previous 12 months. The percentage of sites with 
CAL of ≥2mm was slightly greater in those who had recent bleeding gums, whereas it was 
significantly lower in those without caries experience, and slightly lower in those who had not 
had a dental visit in the previous 12 months. 
 
The severity of CAL also differed by having a history of dental visit(s) in the previous 12 
months, whereby the severity was slightly lower in those who had not had a dental visit in the 
previous 12 months. 
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4.2.3.2 Multivariable analyses 
Factors that were theoretically or significantly associated with periodontal disease severity in 
the bivariate analyses were included in multivariable models, to assess whether true (and un-
confounded) associations existed between any of the independent variables and periodontal 
disease severity. Logistic regression models had very poor fit. 
 
4.2.3.2.1 Multivariable negative binomial regression models for periodontal disease 
severity (mean CAL) 
Table 4.76 presents the multivariable negative binomial regression models for periodontal 






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































A positive association existed between sex and mean CAL, whereby, on average, mean CAL 
was approximately 30% greater in males than females for each unit increase in mean CAL. 
However, this association lost statistical significance in model 4, confounded by having a 
history of dental visit(s) in the previous 12 months. 
 
A positive association also existed between recent bleeding gums and mean CAL; however, 





4.2.4 Dental Fluorosis 
The following section presents data on the severity and prevalence of dental fluorosis in the 
older-age population. 
 
4.2.4.1 Bivariate analyses 
 
4.2.4.1.1 Sociodemographic characteristics 



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Just over two-thirds of the population had dental fluorosis (including the questionable 
distinction) (DI score>0), and this differed by ethnicity, whereby dental fluorosis prevalence 
was greater in those who identified as Asian. One-tenth of the population had dental fluorosis 
(excluding the questionable distinction) (DI score>1), and just over one quarter of the 
population had questionable fluorosis (maximum DI score=1). 
 
Only a few adolescents had very mild fluorosis (maximum DI score=2), and this differed by 
ethnicity, whereby it was greater in those who identified as Asian. Even fewer adolescents 
had mild fluorosis (maximum DI score=3), and this differed by ethnicity and fluoridated area 
status. None of those who identified as Māori, Pacific or Asian, or those who resided in 
fluoridated areas, had mild fluorosis.  
 
Very few adolescents had moderate fluorosis (maximum DI score=4), and this differed by 
sex, age, ethnicity, SES and fluoridated area status. None of the females, 16- or 17-year-olds, 
those who identified as Māori, Pacific or Asian, or those who resided in fluoridated areas, had 
moderate fluorosis.  
 
 
4.2.4.1.2 Oral health status, preventive care and fluoride exposure factors 
Data on dental fluorosis prevalence are presented by oral health status, preventive care and 
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The prevalence of mild fluorosis also differed by toothbrushing frequency, whereby none of 
those who brushed only rarely had mild fluorosis. 
 
The prevalence of moderate fluorosis also differed by the presence of persistent marks on the 
teeth and toothbrushing frequency, whereby none of those without persistent marks on their 
teeth, or those who brushed only once daily, had moderate fluorosis.  
 
Dental fluorosis prevalence (any definition) did not differ by whether toothpaste was used 
when cleaning.  
 
 
4.2.4.2 Multivariable analyses 
Factors that were theoretically or significantly associated with the severity of dental fluorosis 
in the bivariate analyses were included in multivariable models, to assess whether true (and 
un-confounded) associations existed between any of the independent variables and dental 
fluorosis severity. Logistic regression models had very poor fit. 
 
4.2.4.2.1 Multivariable negative binomial regression models for dental fluorosis severity 
(maximum fluorosis score) 
Table 4.79 presents the multivariable negative binomial regression models for dental fluorosis 
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Even though a significant and positive association existed between SES and maximum 
fluorosis score (without consideration for confounding—limited by the statistical software), 




4.2.5 Dental Trauma 
The following section presents data on the prevalence of dental trauma (from the 2009 
NZOHS examination findings) in the older-age population. 
 
4.2.5.1 Bivariate analyses 
 
4.2.5.1.1 Sociodemographic characteristics 


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Almost one-fifth of the population had experienced dental trauma, and this differed by 
ethnicity, whereby it was slightly greater in those who identified as Pacific. 
 
Only a few adolescents had treated trauma (any size or involvement), and this differed by sex, 
ethnicity and SES. None of the males (statistically significant), those who identified as 
Pacific, or those who resided in the most deprived neighbourhoods, had treated trauma. 
 
Just over one-tenth of the population had untreated trauma that was limited to enamel, and 
this differed by ethnicity and SES. A greater proportion of those who resided in the most 
deprived neighbourhoods, whereas a lower proportion of those who identified as Asian, had 
untreated trauma that was limited to enamel. Almost no-one had untreated trauma involving at 
least dentine, and there were no differences by sociodemographic characteristics. 
 
Very few adolescents had trauma-related tooth discolouration, and this differed by sex, age 
and ethnicity. None of the males (statistically significant), 17-year-olds, or those who 
identified as Asian, had trauma-related tooth discolouration. Only a few adolescents had a 
history of avulsion/luxation, and this differed by sex, age and ethnicity. None of the females 
(statistically significant), 16-year-olds, or those who identified as Māori, Pacific or Asian, had 
a history of avulsion/luxation.  
 
 
4.2.5.1.2 Trauma-related behaviour, reported dental trauma and oral health status 
factors 
Data on dental trauma prevalence are presented by trauma-related behaviour, reported dental 
















































































































































































































































































































































































































































































































































































































































































































































































































































The prevalence of treated trauma also differed by mouthguard use, whereby none of those 
who wore a mouthguard (when playing contact sport) had treated trauma. 
 
The prevalence of trauma-related tooth discolouration also differed by caries experience, 
whereby none of those without caries experience had trauma-related tooth discolouration. The 
prevalence of avulsion/luxation also differed by mouthguard use and caries experience, 
whereby none of those who wore a mouthguard (when playing contact sport), or those 
without caries experience, had a history of avulsion/luxation.  
 
The prevalence of dental trauma (examined clinically), treated trauma, untreated trauma 
limited to enamel, and avulsion/luxation were all significantly greater in those with a self-
reported history of dental trauma, whereas this was not the case for the prevalence of 
untreated trauma involving at least dentine, or trauma-related tooth discolouration. 
 
 
4.2.5.2 Multivariable analyses 
Multivariable negative binomial regression modelling for the dental trauma domain was not 
possible because the 2009 NZOHS did not include a non-arbitrary continuous variable for 




4.2.6 Dental Anxiety 
The following section presents data on the prevalence and severity of dental anxiety in the 
older-age population. 
 
4.2.6.1 Bivariate analyses 
 
4.2.6.1.1 Sociodemographic characteristics 
Data on dental anxiety prevalence and severity are presented by sociodemographic 
characteristics in Table 4.82. 
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Table 4.82 Dental anxiety prevalence and severity by sociodemographic characteristics – 
population percentage estimates (data are row percentages; brackets contain 95% C.I.) 
 
 Prevalence of dental 
anxiety 
(% of individuals with 
DAS score ≥13) 
 
Severity of dental 
anxiety 
(mean DAS score) 
Sex   
Female   9.8 (4.7, 19.2)a 8.2 (7.4, 9.0)a 
Male   2.3 (0.6, 8.1) 6.7 (6.1, 7.3) 
Age group    
15 10.0 (4.1, 22.3) 7.9 (6.8, 9.0) 
16   3.9 (1.3, 10.7) 6.6 (5.9, 7.4) 
17   3.8 (1.1, 12.0) 7.4 (6.7, 8.1) 
Ethnic group    
Māori 12.7 (5.5, 27.0)a 8.0 (7.1, 9.0) 
Pacific   8.0 (2.2, 25.4) 6.8 (5.5, 8.1) 
Asian   3.6 (0.5, 21.2) 7.0 (5.6, 8.4) 
European/Other   3.6 (1.5, 8.4)a 7.2 (6.7, 7.8) 
Deprivation quintile   
1 (least deprived)   3.2 (0.4, 23.4) 7.0 (5.6, 8.3) 
2   3.0 (0.5, 16.4) 7.6 (6.7, 8.4) 
3   0.8 (0.2, 3.2) 7.1 (5.9, 8.4) 
4   9.2 (2.6, 28.0) 6.9 (5.9, 8.0) 
5 (most deprived) 14.7 (4.8, 37.4) 7.9 (6.3, 9.5) 
   
All combined   5.4 (2.9, 9.9) 7.3 (6.8, 7.8) 
   
a P<0.05 
 
Only a few adolescents had dental anxiety, and this differed by sex, ethnicity and SES. Dental 
anxiety prevalence was considerably greater in those who identified as Māori (statistically 
significant and approximately 1.5 to 3.5 times greater than the overall and other ethnic group 
proportions), or those who resided in the most deprived neighbourhoods (approximately 1.5 
to 18.0 times greater than the overall and other deprivation quintile proportions), whereas it 
was lower in those in quintile 3, and slightly lower in the males. 
 
The severity of dental anxiety differed by sex, age, ethnicity and SES. It was significantly 
greater in the females, and slightly greater in the 15-year-olds, those who identified as Māori, 




4.2.6.1.2 Oral health status/perception/impact and dental disease experience factors 
Data on dental anxiety prevalence and severity are presented by oral health 
status/perception/impact and dental disease experience factors in Table 4.83. 
 
 
Table 4.83 Dental anxiety prevalence and severity by oral health status/perception/impact and 
dental disease experience factors – population percentage estimates (data are row percentages; 









 Prevalence of dental 
anxiety 
(% of individuals with 





Recent oral discomfort (last 4 weeks)   
Yes   7.8 (2.5, 21.8) 7.3 (6.0, 8.6) 
No   4.5 (2.1, 9.1) 7.3 (6.8, 7.9) 
Global self-rated oral health    
Good   4.3 (2.2, 8.2) 7.3 (6.8, 7.8) 
Fair/Poor 11.7 (2.5, 40.3) 7.3 (5.2, 9.4) 
Self-perceived need for dental care   
Yes 11.6 (4.3, 27.7)a 7.5 (6.1, 9.0) 
No   3.1 (1.4, 7.0) 7.2 (6.7, 7.7) 
Caries experience (DMFT>0)   
Yes   5.8 (2.7, 11.7) 7.5 (6.8, 8.2) 
No   4.7 (1.4, 14.3) 7.0 (6.4, 7.7) 
Periodontal disease experience (gingivitis)   
Yes   6.7 (3.3, 13.2) 7.6 (6.9, 8.2) 
No   2.4 (0.8, 7.1) 6.7 (5.9, 7.5) 
Periodontal disease experience 
(CAL of ≥4mm) 
  
Yes   2.0 (0.2, 17.8) 6.5 (5.1, 7.9) 
No   5.8 (3.0, 10.8) 7.4 (6.9, 8.0) 
Dental trauma experience (clinical signs, 
any type) 
  
Yes   4.6 (1.2, 16.8) 7.8 (6.7, 9.0) 
No   5.6 (2.8, 10.9) 7.2 (6.7, 7.7) 
   
All combined   5.4 (2.9, 9.9) 7.3 (6.8, 7.8) 
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Dental anxiety prevalence also differed by global self-rated oral health, and self-perceived 
need for dental care. Dental anxiety prevalence was greater in those who rated their oral 
health as fair/poor, and significantly greater in those who had a self-perceived need for dental 
care. 
 
The severity of dental anxiety also differed by periodontal disease experience (gingivitis or 




4.2.6.1.3 Dental visiting pattern factors 
Data on dental anxiety prevalence and severity are presented by dental visiting pattern factors 




Table 4.84 Dental anxiety prevalence and severity by dental visiting pattern factors – 
population percentage estimates (data are row percentages; brackets contain 95% C.I.) 
 
 Prevalence of dental 
anxiety 
(% of individuals 
with DAS score ≥13) 
 
Severity of dental 
anxiety 
(mean DAS) 
History of dental visit(s) in previous 12 
months 
  
Yes   3.0 (1.2, 7.0)a 7.0 (6.6, 7.4) 
No 12.0 (4.7, 27.3) 8.2 (6.8, 9.6) 
Reason for last dental visit   
Relief of pain/a concern 11.8 (3.2, 34.6) 8.0 (6.4, 9.7) 
Dental traumab   0.0  6.0 (-5.8, 17.8) 
Check-up   4.5 (2.0, 9.5) 7.2 (6.7, 7.7) 
Prior treatment planb   0.0  7.2 (4.7, 9.7) 
Usual reason for dental visit    
Problem 15.3 (4.3, 42.3) 9.0 (7.5, 10.6) 
Check-up   4.1 (1.9, 8.5) 7.1 (6.6, 7.6) 
   
All combined   5.4 (2.9, 9.9) 7.3 (6.8, 7.8) 
   
a P<0.05 







Dental anxiety prevalence also differed by having a history of dental visit(s) in the previous 
12 months, the reason for the last dental visit, and the usual reason for a dental visit. Dental 
anxiety prevalence was significantly greater in those who had not had a dental visit in the 
previous 12 months, and it was greater in those who last visited for relief of pain/a concern, or 
those who usually visited due to a problem. 
 
The severity of dental anxiety also differed by having a history of dental visit(s) in the 
previous 12 months, the reason for the last dental visit, and the usual reason for a dental visit. 
The severity of dental anxiety was greater in those who usually visited due to a problem, and 
slightly greater in those who had not had a dental visit in the previous 12 months, or those 
who last visited for relief of pain/a concern. 
 
 
4.2.6.2 Multivariable analyses 
Attempts at multivariable negative binomial regression modelling for the severity of dental 
anxiety (DAS score) were unsuccessful because the statistical software failed to process the 






Table 4.85 presents a summary of the overall (‘All combined’) values of the dependent 
variables for each domain, of the younger- and older-age populations. 
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Table 4.85 Summary of the overall (‘All combined’) values of the dependent variables for 




(12 to 14 years old) 
Older-age 
population 
(15 to 17 years old) 
Oral Hygiene   
Mean plaque score (DI-S)   1.1 (0.9, 1.3) - 
% with plaque score = 0 16.7 (10.2, 26.1) - 
% with plaque score 0<x≤1 67.9 (58.0, 76.5) - 
% with plaque score 1<x≤2 13.1 (7.2, 22.5) - 
% with plaque score 2<x≤3   0.5 (0.1, 2.0) - 
   
Dental Caries   
% with DMFT>0 45.2 (33.4, 57.5) 65.7 (54.5, 75.3) 
% with DT>0   8.9 (4.6, 16.3) 16.1 (9.4, 26.3) 
Mean DMFS   2.1 (1.4, 2.8)   3.5 (2.3, 4.7) 
Mean DS   0.3 (0.0, 0.5)   0.3 (0.1, 0.5) 
Mean DMFT   1.4 (1.0, 1.9)   2.5 (1.7, 3.3) 
Mean DT   0.2 (0.1, 0.3)   0.3 (0.1, 0.4) 
Mean FT   1.3 (0.9, 1.7)   2.2 (1.6, 2.9) 
   
Periodontal Disease   
Prevalence of gingivitis - 71.6 (60.0, 80.9) 
Prevalence of CAL of ≥2mm - 87.1 (75.0, 93.8) 
Prevalence of CAL of ≥4mm - 11.2 (4.5, 25.2) 
Extent of CAL (≥2mm) - 38.6 (30.9, 46.4) 
Extent of CAL (≥4mm) -   0.3 (0.0, 0.5) 
Severity of CAL -   1.2 (1.1, 1.4) 
   
Dental Fluorosis   
Prevalence of fluorosis (incl. questionable) 48.1 (37.9, 58.4) 36.3 (25.5, 48.6) 
Prevalence of fluorosis (excl. questionable) 17.0 (10.3, 26.9) 10.2 (4.8, 20.4) 
Prevalence of questionable fluorosis 34.0 (23.7, 46.2) 27.8 (17.6, 41.0) 
Prevalence of very mild fluorosis   9.4 (5.0, 16.8)   5.5 (1.6, 17.0) 
Prevalence of mild fluorosis   9.2 (4.0, 20.1)   4.4 (1.2, 14.6) 
Prevalence of moderate fluorosis   0.0   0.9 (0.1, 6.6) 
   
Dental Trauma   
Prevalence of dental trauma 29.2 (19.8, 40.9) 18.2 (10.5, 29.6) 
Prevalence of treated trauma   6.4 (2.5, 15.3)   5.0 (1.6, 14.2) 
Prevalence of untreated trauma limited to enamel 18.9 (10.9, 30.7) 11.0 (5.4, 21.0) 
Prevalence of untreated trauma involving at least  
   dentine 
 
  0.4 (0.0, 2.9) 
 
  0.2 (0.0, 1.9) 
Prevalence of trauma-related tooth discolouration   2.6 (0.8, 8.3)   0.4 (0.1, 1.4) 
Prevalence of avulsion/luxation   0.9 (0.1, 6.8)   1.6 (0.4, 6.7) 
   
Dental Anxiety   
Prevalence of dental anxiety -   5.4 (2.9, 9.9) 
Severity of dental anxiety -   7.3 (6.8, 7.8) 









The current study’s main objective was to conduct a secondary analysis of the 2009 NZOHS, 
with a focus on adolescent oral health and several pertinent domains of interest, including oral 
hygiene, dental caries, periodontal disease, dental fluorosis, dental trauma and dental anxiety. 
The secondary analysis revealed what the estimated occurrence of each domain was in the 
New Zealand adolescent population in 2009. For each domain, several putative risk 
indicators/markers were also identified. The findings represent the most recent (nationally 
representative) information about New Zealand adolescents’ oral health. 
 
The aim of the study was to perform a deeper analysis of the 2009 NZOHS data (in terms of 
the adolescent age group) than that published by the Ministry of Health (2010a). The 
secondary analysis revealed that, in 2009, New Zealand adolescents (12 to 14 years old) had 
generally fair/good oral hygiene. Of those 12 to 17 years old, roughly one-half to two-thirds 
had dental caries, around one-tenth to one-fifth had dental fluorosis, and roughly one-fifth to 
one-third had experienced dental trauma. Of those 15 to 17 years old, almost three-quarters 
had gingivitis, but only one in ten had moderate (≥4mm) attachment loss, and only one in 
twenty had dental anxiety. 
 
The very nature of this sort of enquiry/investigation meant that a lot of ground (and domains) 
were covered; the aim was to maximise the value of the expensive (and extensive) dataset. 
This sort of investigation could be said to be a fishing expedition or over–analysis, which is a 
valid comment; however, the analysis was exploratory. Furthermore, this level of analysis led 
to some surprising and unusual findings (such as a greater dental fluorosis prevalence in those 
who resided in non-fluoridated areas, or in those who rinsed rather than spat after brushing), 
which may be indicative of possible over–analysis. 
 
This chapter discusses the strengths and weaknesses of the study, in terms of its own 
methodological issues as well as those of the 2009 NZOHS. Subsequently, the discussion 
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focuses on the unique characteristics of the study population, followed by a discussion of the 
study’s research questions (what was the occurrence of, and what were the putative risk 
indicators/markers for each of the domains of interest in the New Zealand adolescent 
population in 2009?), and considers how the findings differ from those found in the literature. 
Finally, recommendations for future research are discussed, particularly in relation to the next 
NZOHS, and to other studies into New Zealand adolescent oral health. 
 
 
5.2 Methodological issues 
This section discusses the methodological issues of the current study and also those of the 
2009 NZOHS. 
 
5.2.1 The current study 
The current study had several methodological issues in terms of the study design, the 
precision of the findings and the sample’s representativeness. 
 
5.2.1.1 Study design 
A major limitation of the current study is that it was based on existing data from the 2009 
NZOHS. This meant that the investigator had no control over the rigour and methods of data 
collection, such as how the survey questionnaire and dental examinations were designed and 
administered, the chosen dependent and independent variables, and in particular, the 
measurement instruments/indices used. Additionally, the investigator had no control over the 
design of the 2009 NZOHS, such as power calculations and the sampling methods, and so the 
2009 NZOHS methodological issues also limit the current study. 
 
Another limitation of the study is that it was based on data from a cross-sectional survey, 
which means that the findings represent only a snapshot in time (and fail to indicate what 
New Zealand adolescent oral health was like before or after the study period), and such a lack 
of temporality precludes any conclusions about causality. However, the study’s aim was to 
simply explore the occurrence of the domains of interest and to identify putative risk 
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indicators/markers (seeing as the knowledge about adolescent oral health in New Zealand is 
limited), so a cross-sectional design was appropriate in this instance. 
 
 
5.2.1.2 Precision of the findings 
The current investigation was limited by the 2009 NZOHS sample size. Without applying 
survey weights, the adolescent–age sample size was only 354, which is much less than some 
of the generalisable studies’ sample sizes mentioned in the literature (some having included 
more than 5000 adolescents (Antunes et al. 2006; Beltran-Aguilar et al. 2010; Saintrain et al. 
2015)). Applying survey weights is designed to ensure the representativeness of the data; 
however, the precision of the findings is still limited by the relatively smaller sample size34. 
The study’s smaller sample size may also account for the lack of statistical significance of the 
findings (only a few of the observed differences were statistically significant at an α of 0.05). 
Furthermore, the majority of the findings have wide confidence intervals, which also imply a 
lack of precision, but again, may be due to the study’s small sample size. In terms of the depth 
of data analysis (assessing the magnitude of differences), if overlapping of both an individual 
estimate’s and the overall/‘All combined’ estimate’s confidence interval were to be 
considered, then essentially no differences would be reported at all. Accordingly, differences 
were only noted if an individual point estimate lay outside the overall/‘All combined’ 
estimate’s confidence interval.  
 
Missing data were a source of frustration in conducting these analyses and presenting the 
data. In general, less than 10% of the data were missing for any one question in the survey 
questionnaires, and, as mentioned, some subsequent questions were gated by a previous 
question, which explained the greater proportion of the sample omitted in those gated 
questions. Missing data were dealt with in a systematic and consistent manner—included in 
the statistical test (if <10% were missing), or excluded (if >10% were missing) and recoded to 
the variable’s default or majority/highest proportion category. Additionally, some questions 
allowed a ‘Don’t know’ or ‘Refused’ response. Such responses and the approach to dealing 
with missing data may in itself have introduced some bias; however, the precision of the 
                                                
34 The 2009 NZOHS also included participants younger and older than the adolescent age range, so from a 
logistical standpoint, the sample size was probably what was realistic given the resources and time available. 
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findings would have been further compromised if greater proportions of missing data were 
not accounted for.  
 
A major threat to the validity of the study’s findings (particularly in terms of the oral hygiene 
domain) is that all of the oral hygiene data (DI-S recordings) were missing from the older-age 
sample’s records in the dataset. The CURFs were accompanied by a ‘CURF dictionary’ that 
lists and explains variables already stored in the dataset, and this indicated that DI-S data 
should have been present for the older-age sample. Unaccountably, they were not. As such, 
the oral hygiene findings are limited to those aged 12 to 14 years old only. 
 
All of the regression models had poor fit, or were not statistically significant overall. This 
may also be explained by the small sample size, but in some instances, the statistical software 
failed to complete the test (there was a software ‘hang’35), which may have been related to the 
complexity brought about by the application of survey weights. Because of this, the putative 
risk indicators/markers identified in the study remain so. 
 
These limitations do not mean that the study’s findings are not informative. The estimates 
may lack precision, but they still give an indication of the occurrence and the magnitude of 
the differences in the domains of interest at the time, especially considering that there is a lack 
of information about adolescent oral health in New Zealand on the whole. The lack of 
precision does, however, indicate that the study’s conclusions cannot be made with certainty, 
which would otherwise require replication of the study with a larger sample size. 
 
5.2.1.3 Sample representativeness 
Being based on a national survey (which had a sampling frame that captured 98.9% of New 
Zealand’s permanent private dwellings), with a systematic and well–designed sample design, 
the sample can be said to be representative of the New Zealand adolescent population (12 to 
17 years old) at the time. Moreover, the use of the ‘screened’ sample method during sampling 
should have allowed for greater representation of ethnic groups that made up lower 
proportions of the population overall, such as those who identified as Māori, Pacific or Asian. 
In terms of the representativeness of the population estimates, the use of survey weights 
                                                
35 The software entered an endless processing cycle that didn’t generate a result. 
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should have improved the resultant estimates, seeing as the weights were based on several 
population statistics/parameters from previous Census data and the preceding NZHS06/07. 
However, it is acknowledged that only residents who were physically present in the country 
and residing in permanent private dwellings at the time were included in the sampling frame, 
and just over 1% of those were not included due to complicated (geographically–related) 
logistics36. As such, the sampling frame may not have captured a small proportion of the 
adolescent population. 
 
At the time of writing, the 2009 NZOHS data are roughly eight years old, and, according to 
predictions by Statistics New Zealand37, the country’s adolescent population decreased by 
about 5% (almost 20,000 12- to 17-year-olds) between the years 2006 and 2013. In addition 
to changing in size, the adolescent population may also have changed in terms of its 
sociodemographic characteristics over time. Thus, the 2009 sample may be less representative 
today, but, for most of the current study’s domains of interest, the 2009 data represent the 
only generalisable data available on New Zealand adolescent oral health. 
 
5.2.2 The 2009 NZOHS 
The 2009 NZOHS had several methodological issues in terms of its study design, such as its 
cross-sectional nature, having separate age group samples (sub-samples), proxy- and self-
report responses to the questionnaires, the use (or omission) of particular 
variables/indicators/indices, and being limited to clinical dental examinations only. 
 
As mentioned previously, the 2009 NZOHS was cross-sectional in nature, and so the resultant 
findings are limited to one point in time. 
 
The 2009 NZOHS was made up of two separate sub-samples (the younger- and the older-age 
sample) and, in terms of data analysis, this represented a major methodological issue. This 
segregation complicates drawing conclusions about the whole adolescent group (12 to 17 
years old), seeing as there were some differences in the data collection methods for the 
samples. Thus, some conclusions are restricted to either the younger or older portion of the 
                                                
36 In other words, it was deemed too difficult to contact and examine that ~1% of residents. 




overall population. In terms of the survey questionnaires, their content differed for the 
younger- and older-age samples. The younger-age sample’s questionnaire did not include 
questions about interdental cleaning, history of professional dental cleaning, or dental anxiety.  
The older-age sample’s questionnaire did not include questions about history of dental 
restorations, or extractions, or the amount of toothpaste used, whether individuals rinsed or 
spat after brushing, or having a history of fluoride tablets/drops or mouthwash use. 
Understandably, some of these questions may have been more relevant to one particular age 
group (such as the amount of toothpaste used, which, according to New Zealand’s fluoride 
use guidelines (New Zealand Guidelines Group 2009), should be restricted in those up to 12 
years of age, so follow-on effects may still be seen a few years later). However, asking the 
same questions in both age groups would have made between-group comparisons and 
conclusions for the overall population more straightforward. Furthermore, there were 
differences in the factors that were examined in either sample—the younger-age sample’s 
examinations did not assess periodontal disease, which may have been more relevant in the 
older-age sample; however, this exclusion limits the conclusions about periodontal disease to 
the older-age sample.  
 
An inherent limitation of the 2009 NZOHS questionnaires is that the responses were by proxy 
or self report. For both report types, recall bias is possible given that respondents are asked to 
recall past events/particulars, and the validity is reliant on individuals understanding the 
question, having known the response information in the first place, but also being able to 
recall that information. The majority of the questionnaire data collected about the younger-
age sample were by proxy report, which has limitations of its own. Proxy-report responses are 
about a particular individual, but are given/made by another individual (the primary caregiver 
in the 2009 NZOHS), and so there is a greater chance of bias seeing as the proxy individual 
has to recall information about someone else—they would not have experienced the event 
themselves, or may not have been present when the event occurred for the individual in 
question. Some dental research studies have found that proxy-reported responses differed 
from self-reported responses (Jokovic et al. 2004; Patel et al. 2015); this means that, a proxy-
report questionnaire has an additional source of bias. The 2009 NZOHS specific child 
response module (CRM) gave the younger-age sample participants the opportunity to answer 
some questions themselves (self-report), but only if their caregivers gave consent, and did not 
include all of the questions in the younger-age sample’s questionnaire. Also, just over one-
quarter of the younger-age sample did not complete the CRM, so the CRM data were 
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excluded from analysis because the proportion missing could have introduced unacceptable 
bias. Ultimately, the validity of conclusions drawn from the survey’s questionnaire data is 
limited by recall bias and, moreover, the proxy-report response nature for the younger-age 
sample. Such limitations are characteristic of many such cross-sectional surveys. 
The choice of several of the study variables/indicators/indices used in the 2009 NZOHS 
represents another methodological issue (whether their use had issues/shortcomings in their 
own right, or whether the use of another variable would have been appropriate). Ethnicity was 
reported according to the ‘total response’ basis (rather than the ‘prioritised’ basis)38. The ‘total 
response’ basis is said to provide a fair representation of social diversity (Statistics New 
Zealand 2005), but its use may have biased the findings because an individual could report 
more than one ethnicity, which could lead to double counting. Using a prioritised approach, 
however, also has shortcomings in that there may be significant losses from some ethnic 
groups (Didham and Callister 2012). SES was represented by the NZDep2006 Index of 
Deprivation, which is strengthened by being based on several dimensions/measures of 
deprivation39, but also weakened by being an area/neighbourhood–based measure, rather than 
an individual–based one. Other measures of SES that are commonly used in New Zealand 
include household income40 or parental occupation. These measures may have been more 
appropriate in that surrounding neighbourhood influences may have less impact on the 
estimate of an individual family’s SES. However, individuals/primary caregivers may be less 
willing to divulge more personal information (such as parental occupation), so a 
neighbourhood measure (such as the NZDep2006) may have been more practical. 
 
To measure periodontal disease, the 2009 NZOHS dental examinations recorded pocket depth 
and recession, which was a strength in that it allowed calculation of CAL (and therefore the 
severity and extent of periodontal disease—none of the reviewed adolescent studies had done 
so). However, unlike the reviewed studies, the 2009 NZOHS did not record periodontal 
disease measurements using a defined index, whereby using, for example, the CPI as well 
may have made comparison with previous studies’ findings more straightforward. In terms of 
DDE, the 2009 NZOHS focused specifically on dental fluorosis and so appropriately 
                                                
38 As recommended by Statistics New Zealand (2005). 
39 Income, owned home, family support, employment, qualifications, living space, communication and transport 
(Salmond et al. 2008). 
40 Household income was reported in the 2009 NZOHS. However, when included as an SES measure in this 
study’s data analysis, differences were not informative, so only the NZDep2006 was used. 
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measured dental fluorosis with a specific fluorosis index (Dean’s Index41). In New Zealand 
and around the world, the prevalence of (non-fluorosis) DDE is gaining greater attention, and 
several studies have focused specifically on molar-incisor hypomineralisation (Jalevik 2010; 
Mahoney and Morrison 2009; Sönmez et al. 2013). Accordingly, the 2009 NZOHS may have 
been more informative and timely if DDE had been assessed on the whole, and if a 
descriptive index (such as the DDE Index) was also used. Dental trauma was measured with 
an arbitrary/unvalidated scale, which again complicates direct comparison of the survey’s 
findings with those from previous studies. The use of a defined (and validated) trauma index 
(such as the Andreasen or WHO Index) may have simplified both trauma assessment and also 
comparison with other studies. Dental anxiety was measured using the DAS, which has some 
shortcomings (as mentioned earlier), but it has been commonly used in adolescent studies. A 
major limitation of the 2009 NZOHS is that dental anxiety was assessed in the older-age 
sample only. The DAS was not necessarily designed for children (or the younger-age 
sample’s age range), but validated child dental anxiety measurement instruments (such as the 
Child Fear Survey Schedule-Dental Subscale) do exist. However, the latter scale also has 
shortcomings, and its use in the older-age sample would then have complicated comparison 
with previous adolescent studies. These limitations highlight that, when it comes to dental 
epidemiology in the adolescent age group, there are unique complexities, especially since 
indices have often been designed for (or validated in) particular samples or age groups. 
 
Finally, the 2009 NZOHS dental examinations were limited to collecting clinical data only 
(no radiographs were taken). Radiographic examination could have supplemented several 
clinical diagnoses (such as caries diagnosis, bone involvement in periodontal disease, and 
dental trauma to surrounding and supporting structures). However, radiographs are often not 
taken in epidemiological investigations for logistical and ethical reasons, and the additional 
diagnostic yield might only be valuable at the advanced stages of disease. The use of 
radiographs in the 2009 NZOHS may have been only somewhat beneficial, and the added 




                                                
41 A commonly used specific fluorosis index (as shown in the literature review, especially in terms of 
generalisable adolescent studies). 
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5.3 Characteristics of the study population 
This section discusses the pertinent/noteworthy characteristics of the study population—the 
younger-age population and the older-age population—and how they differed from each other 
and other New Zealand adolescent samples. 
 
 
5.3.1 The younger-age population 
The greatest proportion of the younger-age population identified as European/Other, which 
was similar to New Zealand’s most recent Census data42, and a slightly greater proportion of 
the younger-age population were 12 years old.  On the whole, those who identified as Māori, 
Pacific or Asian were more deprived (resided in more deprived neighbourhoods), and even 
though roughly half of the population resided in a fluoridated area, this was the case for 
greater proportions of those who identified as Pacific (coincidentally, the group with the 
greatest caries experience, and therefore, preventive need). 
 
In terms of the impact of their oral health on their daily living, only a minority of the younger-
age population had experienced toothache, or avoided eating some foods due to teeth/mouth 
problems. However, a more accurate assessment of OHRQoL would have required the use of 
an appropriate measurement instrument such as the Child Perceptions Questionnaire (Jokovic 
et al. 2002) or the Oral Health Impact Profile (Slade and Spencer 1994), and could have given 
a broader understanding of how New Zealand adolescents’ lives are affected by their oral 
health. 
 
Only half of the younger-age population brushed their teeth twice daily, which was less 
frequent than adolescents from Brazil (Freire et al. 2015), but more frequent than those from 
the majority of low- and middle-income countries in a recent global, school-based student 
health survey (McKittrick and Jacobsen 2014). It is reassuring to see that the younger-age 
population’s fluoride exposure was generally in line with New Zealand’s most recent fluoride 
use guidelines (New Zealand Guidelines Group 2009), in that almost everyone was using a 
                                                
42 Statistics New Zealand (2017). 2013 Census - Major ethnic groups in New Zealand. Accessed at: 
http://www.stats.govt.nz/Census/2013-census/profile-and-summary-reports/infographic-culture-identity.aspx on 
2 May 2017. 
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1000ppm fluoride toothpaste (although greater proportions of those who identified as Pacific 
used a 400-500ppm toothpaste),  and only a minority had a history of fluoride drops/tablet or 
mouthwash use. However, the majority of the younger-age population rinsed rather than just 
spat after brushing, so the ‘spit don’t rinse’ message needs reinforcement. Also, the greatest 
proportion of the population was still using a pea-size amount of toothpaste, which may have 
been a vestige of previous preventive advice received during younger years. 
The majority of the younger-age population had recently visited a dental professional (in the 
previous 12 months), but lower proportions of those who identified as Pacific had done so. 
Dental service utilisation in the younger-age population should be expected to be high, seeing 
as individuals should have recently transitioned from the Community Oral Health Service 
(COHS) to the AOHS (use of the AOHS is usually promoted by the COHS). Dental 
attendance is, of course, still voluntary, so it is not surprising to see that some of the younger-
age population had not recently visited a dental professional. Additionally, Fitzgerald et al. 
(2004) found that adolescents in New Zealand have strong preconceptions about dentistry, 
based on negative views about engaging in oral health care, and seeing the dental 
environment as a disincentive. Nevertheless, the existence and availability of the AOHS, and 
the importance of regular dental visits should be promoted further. 
 
5.3.2 The older-age population 
The older-age population contained 1.5 times more males than females, and almost half of the 
older-age population were 17 years old. As such, it needs to be acknowledged that 
conclusions about the older-age population may have slight age and sex biases. Like the 
younger-age population, the greatest proportion of the older-age population identified as 
European/Other. On the whole, those who identified as Pacific were more deprived (resided 
in the most deprived neighbourhoods), although this difference failed to reach statistical 
significance, and almost equal proportions of the population resided in fluoridated and non-
fluoridated areas.  
 
Similar to the younger-age population, only a minority of the older-age population had 
experienced recent teeth/mouth pain/discomfort (this was lower in those who identified as 
Asian or resided in fluoridated areas, which may either indicate better oral health or less 
perception of oral health in that ethnic group, and possibly greater disease/discomfort 
prevention from fluoridated water). Even fewer of the older-age population had recent 
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bleeding gums, and these findings support the majority of the older-age population’s 
perception that they had good oral health. However, fewer signs of discomfort or fewer overt 
signs (such as bleeding gums) are not indications of overall oral health, and this might be one 
of the reasons why only a minority of the older-age population had a self-perceived need for 
dental care. 
 
As with the younger-age population, only half of the older-age population brushed their teeth 
twice daily, and only a few cleaned interdentally once daily (almost half never did so). This 
was similar to adolescents in a sample from England (Macgregor et al. 1998). As such, it 
appears that adolescents in New Zealand and in some other parts of the world do little more 
than toothbrushing for oral hygiene, although around two-thirds of the older-age population 
had previously had their teeth professionally cleaned. Almost all of the older-age population 
were using a 1000ppm fluoride toothpaste, which again is in line with the fluoride guidelines 
for these age groups (New Zealand Guidelines Group 2009). 
 
Almost one-third of the older-age population had a history of ever having smoked, and this 
proportion was greater in those who identified as Māori or Pacific, but lower in those who 
identified as Asian. This may indicate cultural differences in the ability/acceptability of 
smoking at a younger age in life, and possibly overall. The prevalence of ever smoking was 
only slightly greater than adolescents in a sample from Brazil (Freire et al. 2015). Of those 
with a history of smoking, almost half were not currently smoking, and just over one-third 
were doing so at least once per day. Thus, some of the older-age population had tried it in the 
past, but only a minority were currently smoking and doing so frequently. 
 
Similar to the younger-age population, the majority of the older-age population had recently 
visited a dental professional, and in the older-age population, the majority of these visits were 
for check-ups, which was also the majority of the population’s usual reason for a dental visit. 
It is reassuring to see that almost three-quarters of the older-age population had recently 
visited a dental professional, which confirms knowledge and utilisation of the AOHS. 
However, further promotion of the scheme may still be beneficial, in order to capture a 
greater proportion of the adolescent population while they are still eligible for publicly–





5.3.3 Comparison of the study populations 
The preceding sections have highlighted that the current study’s two ‘sub-populations’ were 
reasonably similar in their population characteristics. When considered as one whole 
population, the study population can be compared to other New Zealand adolescent samples, 
from studies that have investigated similar general characteristics (but did not conduct dental 
examinations). 
 
In a survey of 8500 12- to 18-year-old New Zealand adolescents (Clark et al. 2013), just 
under one-quarter of the sample had experienced teeth/mouth pain, which was similar to the 
current study population’s estimated proportion that ranged from one-fifth to just over one-
quarter. In terms of toothbrushing, other studies found that roughly three-quarters (Murray et 
al. 2015) and four-fifths (Broughton et al. 2012) of the samples brushed their teeth at least 
twice daily or at least once daily, respectively, whereas in the current study, around half of the 
population brushed at least twice daily, and around four-fifths brushed at least once daily. In 
terms of flossing, just over one-quarter (Murray et al. 2015) and just over one-half (Broughton 
et al. 2012) of the samples flossed at least once per week; however, the latter sample included 
only Māori adolescents in one particular tribal area, which may have differed from other 
areas. The 2009 NZOHS interdental cleaning frequency question did not include an ‘at least 
once per week’ category, but around two-fifths of the current study’s population cleaned 
interdentally less than once daily (but not never), which falls within the range of the other 
studies. Finally, in terms of service utilisation, around three-quarters to almost all of other 
New Zealand adolescent samples had visited a dentist in the previous 12 months (Broughton 
et al. 2012; Clark et al. 2013; Fitzgerald et al. 2004). In the current study, the estimated 
proportion ranged from around three-quarters to almost nine-tenths of the population, so this 
fell within the range of the other studies as well. All of the other New Zealand studies were 
conducted within the last 15 years (some after the 2009 NZOHS), so the similarity in the 
findings gives some support to the validity of the 2009 NZOHS findings. However, the 








5.4 The current study’s research questions 
This section discusses the current study’s findings in terms of its research questions—what 
was the occurrence of, and what were the putative risk indicators/markers for each of the 
study’s domains of interest? The findings for each domain will be summarised and discussed 
separately. 
 
5.4.1 Oral hygiene 
The oral hygiene occurrence findings and the putative risk indicators/markers in the study 
population, and in the literature’s generalisable overseas studies and other New Zealand 























































































































































































































































































































































































The younger-age population’s mean plaque score estimate was greater than that from a 
sample of 12-year-olds in New Zealand in 1984 (Yunus et al. 1987), but the same as that in a 
relatively large prospective cohort in New Zealand (Broadbent et al. 2011) (although the 
adolescent-aged findings—15 years old—date back to 1987). The younger-age population’s 
mean plaque score estimate was also greater than that from a Greek sample of adolescents 
(Vadiakas et al. 2012). Granted, a direct age–equivalent comparison is limited by the missing 
data for the current study’s older-age population, although it could be concluded (with 
minimal certainty, however) that, based on mean plaque score, New Zealand adolescents’ oral 
hygiene has worsened slightly with time, and was slightly worse than some adolescents 
overseas. However, just over two-thirds of the younger-age population had a plaque score 
between 0 and 1, so, even with a mean plaque score of 1.1, the oral hygiene of most of the 
younger-age population could be described as fair/good. 
 
The associations with oral hygiene in the study population were mostly similar to those 
identified in the literature, apart from the additional (statistically significant) differences by 
ethnicity and SES. Those who identified as Pacific, or those who resided in the most deprived 
neighbourhoods, had poorer oral hygiene, which may indicate either a cultural lack of 
awareness or lower priority for oral hygiene. The 2009 NZOHS did not collect or report 
sociodemographic data that indicated/allowed determination of participants’ geographic 
residential area (urban vs. rural), so this putative risk marker identified in the literature could 
not be investigated in the study population. Residential area may partly be an indication of 
SES however, or as a putative risk marker, it may be confounded by SES. Multivariable 
modelling was unable to reveal statistically significant risk indicators/markers; thus, the risk 
indicators/markers identified in the study population remain putative, but it appears that they 
were mostly similar to those identified in adolescents around the world.  
 
5.4.2 Dental caries 
The occurrence of dental caries and the putative risk indicators/markers in the study 
population, and in the literature’s generalisable overseas studies and other New Zealand 





















































































































































































   
   
   


































































































































































































































































































































































































































































































































































































































































































   
   
   














































The estimated range of dental caries prevalence in the study population was lower than that 
found in all of the other New Zealand adolescent studies (that defined caries experience by 
DMFT) (Table 5.2). Most of those studies were conducted before the 2009 NZOHS, and 
Gowda et al. (2009) examined only 12- to 13-year-olds in only four towns, so their findings 
are not nationally representative/comparable. The study population’s estimated caries 
prevalence range fell within those of the generalisable overseas studies (Table 5.2). It can be 
concluded that caries prevalence in New Zealand adolescents was lower than that in Brazil 
and Vietnam, similar to older adolescents in Thailand and the UAE, but lower than younger 
adolescents in the latter two countries, and mostly greater than that in Germany. Some of 
these countries (like New Zealand) have publicly–funded dental care for adolescents 
(Somkotra and Vachirarojpisan 2009; Ziller et al. 2015); however, effectiveness would rely 
on service utilisation. The prevalence differences may also be due to other factors, such as 
water fluoridation, access to/use of fluoride products, or cultural differences in the different 
populations. 
 
The estimated range for accumulative dental caries experience (severity) in the study 
population was mostly lower than that in all of the other New Zealand adolescent studies 
(Table 5.2); however, the lack of previous nationally representative data precludes 
conclusions about dental caries time trends in New Zealand adolescents. The study 
population’s estimated caries experience range fell within those of the generalisable overseas 
studies (Table 5.2); however, caries experience was lower in younger Brazilian adolescents, 
lower in both younger and older German adolescents, but almost the same as adolescents in 
Thailand and the UAE. These differences highlight that dental caries prevalence is not 
necessarily indicative of severity—dental caries prevalence in younger Brazilian adolescents 
was greater than that in younger New Zealand adolescents, and yet severity was lower in the 
Brazilian adolescents. Both prevalence and severity were lower in German adolescents, which 
highlights that the multifactorial aetiology of caries may be unique to each particular country. 
This could be due to differences in cultural practices, diet and the priority placed on oral 
health (and the appearance thereof). 
 
The putative risk indicators/markers for dental caries in the study population were mostly 
similar to those identified in the literature, and showed similar differences. However, there 
were several additional putative risk indicators/markers in the study population, but only 
some of them were statistically significant. Almost none of the adolescent studies in the 
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literature analysed caries experience by fluoride exposure (apart from fluoridated water). 
Granted, differences were evident in the current study’s younger-age population only, but, in 
some instances, caries experience differed significantly by some fluoride exposure variables 
(such as the use of toothpaste when cleaning and its fluoride concentration, whether an 
individual rinsed or just spat after brushing, the age an individual first started brushing with 
toothpaste, or having a history of fluoride mouthwash use). Interestingly, a greater proportion 
of those who had previously used fluoride mouthwash had untreated caries, but a history of 
fluoride mouthwash use could have been a marker for greater caries risk (in terms of 
mouthwash being used/recommended as a preventive adjunct). Also, the mouthwash might 
only have been used on a few occasions (not routinely). These differences highlight the 
importance of fluoride exposure for caries experience, and it may have been more informative 
(and may have enhanced the validity of the study’s findings) if those factors were assessed in 
the older-age population as well. In the latter group, dental caries prevalence was significantly 
greater in those who self–rated their oral health as fair/poor, which may indicate that older 
New Zealand adolescents have good perception of their caries–related oral health (the 
younger-age population’s oral health was not self–rated). The prevalence of untreated caries 
(in the older-age population) was significantly greater in those who last visited for relief of 
pain/a concern, which is understandable—if the last visit was for a check-up or a prior-
treatment plan, then it could be expected that caries may have been identified and treated (if 
necessary, and if an individual returned for the needed treatment). This difference could also 
indicate that some adolescents who have untreated caries are less likely to visit a dental 
professional if they do not experience any symptoms.  
 
Even though the related findings were not statistically significant, toothbrushing frequency 
warrants special mention as a putative risk indicator for dental caries in the study population. 
There were marked gradients of caries prevalence by toothbrushing frequency (in both the 
younger- and older-age populations), indicating that greater toothbrushing frequency is likely 
to be associated with lower caries prevalence in adolescents. This notion is also supported by 
the finding of a clear gradient of caries prevalence by plaque score (analysed in the younger-
age population only, but statistically significant). Thus, a conceivable inference is that in this 
population, toothbrushing frequency is a distant factor that influences plaque accumulation 





Unlike the studies in the literature, there were no sex differences in caries experience in the 
study population. This may indicate no influence of sex on caries in the population, or 
insufficient statistical power to detect such a difference. As mentioned earlier, residential area 
status was not reported in the 2009 NZOHS data, and so it could not be determined whether 
that possibly influenced caries experience in the study population. 
 
The multivariable modelling revealed a greater likelihood that ethnicity (the Pacific ethnic 
group), oral hygiene (plaque score) and toothbrushing frequency were statistically significant 
(and un-confounded) risk indicators/markers for caries experience in the study population. 
However, none of the models were statistically significant overall, so the risk 
indicators/markers remain putative, and this highlights the need for more research. 
 
5.4.3 Periodontal disease 
The occurrence of periodontal disease and the putative risk indicators/markers in the study 
population, and in the literature’s generalisable overseas studies and the other New Zealand 






























































































































































































































































































































































































































































































   
   
   
   
   
   
   
   
   




























   
   
   
   
   












































































































   
   
   
   
   
   
   




















































































The estimated prevalence of gingivitis in the older-age population was substantially greater 
than that in the other New Zealand study (Yunus et al. 1987). A time trend comparison cannot 
be made because the other study investigated a sample of 12-year-olds, whereas the 2009 
NZOHS did not assess gingivitis in the younger-age sample. The older-age population’s 
gingivitis prevalence estimate did, however, fall within the ranges of the generalisable 
overseas studies (Table 5.3), but was greater than most. From these findings, it can be 
concluded that gingivitis was more prevalent in New Zealand adolescents than among those 
in Brazil43, Greece and the UAE, but it was less prevalent than in adolescents in Thailand 
(when comparing findings for adolescents 15 years of age or older). These differences (as 
with dental caries) may be due to cultural differences in the different populations, or whether 
there is publicly–funded dental care for adolescents in the particular countries. However, one 
cannot ignore the possibility that, as in Thailand, New Zealand adolescents may possibly have 
generally poorer gingival health. Further research that assesses gingivitis in the whole New 
Zealand adolescent age range is needed. 
 
It is difficult to compare the current study’s periodontitis prevalence findings with those from 
previous studies, because the latter did not measure CAL. Disregarding a strict and similar 
definition, it can be concluded that the estimated prevalence of periodontitis (CAL ≥4mm) in 
the older-age population was greater than the prevalence found in the other New Zealand 
study (Yunus et al. 1987); however, the latter involved a younger sample in which no 
individuals had periodontitis (represented by a CPI code ≥3). This could indicate that younger 
New Zealand adolescents are less likely to have periodontitis, but a larger and nationally 
representative New Zealand study that assesses periodontitis (such as CAL) in younger 
adolescents, would be needed to test that assertion. Using a broad definition of periodontitis, 
the estimated prevalence of periodontitis (CAL ≥4mm) in the older-age population fell within 
the periodontitis prevalence range (CPI code ≥3) from the generalisable overseas studies 
(Table 5.3). Accordingly, periodontitis was more prevalent in New Zealand adolescents than  
in adolescents in Greece, slightly more prevalent than in those in Brazil, but slightly less 
prevalent than in those in Germany. The latter difference is noteworthy, considering the 
difference in caries experience between New Zealand and German adolescents (both caries 
prevalence and experience were lower in German adolescents), so neither periodontal disease 
nor dental caries alone necessarily indicates oral health overall. The current study’s findings 
                                                
43 The Brazilian sample’s age range was from 15 to 19 years of age. 
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in terms of the extent and severity of periodontitis cannot be compared to other studies, 
because none of the other studies reported those. It can, however, be concluded that in older 
New Zealand adolescents, the extent of periodontitis (CAL ≥4mm) was very low (0.3%), and 
the severity of CAL was low (a mean depth of 1.2mm). 
 
The putative risk indicators/markers for periodontal disease in the study population were the 
same as those identified in the literature, although there were several additional 
indicators/markers, with more than half of them based on statistically significant differences. 
Age is a risk marker for periodontal disease in New Zealand adolescents, in that both 
gingivitis and periodontitis (CAL ≥4mm) prevalence were lower in the younger members of 
the older-age population. There were some additional putative risk indicators in terms of 
preventive care and behavioural factors, including toothbrushing frequency and a history of 
ever smoking. Interestingly, even though the estimated prevalence of CAL ≥4mm was lower 
in those who rarely brushed their teeth (than those who brushed twice daily), none of those 
who brushed only once daily had CAL ≥4mm. This may simply be a chance finding; 
however, the estimated overall prevalence of CAL ≥4mm was relatively low. Dental caries 
experience was also a putative risk indicator, in that none of those without caries experience 
had CAL ≥4mm, which may indicate similarities in the microbiome that caused either caries 
or periodontitis in the older-age population. Or, this finding may have been due to the 
clustering of poor oral health. Having a history of dental visit(s) in the previous 12 months 
was also a putative risk indicator, although it is noteworthy that the estimated prevalence of 
CAL ≥4mm was lower in those who had not had a visit in the previous 12 months. This seems 
implausible, assuming that preventive treatment/advice is given at (or followed after) a dental 
visit. These unexpected findings may mean that in the current study’s older-age population, 
differences in the estimated prevalence of periodontitis (CAL ≥4mm) are not necessarily valid 
indicators of risk indicators/markers thereof. Moreover, the prevalence of periodontitis in both 
New Zealand adolescents and those overseas appears to be relatively low, so it may also be 
that very large samples are needed in order to reveal certain risk indicators/markers. It should 
be acknowledged that oral hygiene (plaque) scores were identified as a putative risk indicator 
in the literature; however, the oral hygiene data was missing for the older-population in the 






Multivariable modelling revealed that only sex (being male) was associated with periodontal 
disease (CAL); however, this was confounded by having a history of dental visit(s) in the 
previous 12 months. Accordingly, it cannot be concluded that any particular putative risk 
indicator/marker has an un-confounded and significant association with periodontal disease in 
New Zealand adolescents. 
 
5.4.4 Dental fluorosis 
The occurrence of dental fluorosis and the putative risk indicators/markers in the study 
















































































































































































   
   
   
   




















































































































































































































































































The estimated range of (unquestionable44) dental fluorosis prevalence in the study population 
fell within the prevalence ranges from the generalisable overseas studies (Table 5.4). Dental 
fluorosis was more prevalent in New Zealand adolescents than in Irish adolescents, but less 
prevalent than in adolescents in the UAE and USA (the latter sample included adolescents up 
to 19 years old). It is conceivable that there may be differences in the natural levels of fluoride 
in water supplies45 in the different countries, as well as differences in fluoride use guidelines, 
which may explain the regional differences in fluorosis prevalence. No other New Zealand 
adolescent studies have investigated fluorosis specifically, so local comparisons cannot be 
made. Thus, more research on dental fluorosis in New Zealand adolescents is needed. 
 
The putative risk indicators/markers for dental fluorosis in the study population were 
somewhat different from those identified in the literature—several were not influential, some 
had not been assessed, and a few additional putative risk indicators/markers were evident. 
Unlike in the literature, the study population’s fluorosis prevalence did not differ by sex, a 
history of fluoride supplement use, or the age when people first started brushing with 
toothpaste. Differences by fluoridated area status were seen only in the older-age population 
at the mild and moderate fluorosis levels, each of which had a very low prevalence (less than 
5%), and they were not statistically significant. As such, the lack of a significant difference in 
fluorosis prevalence by fluoridated area status indicates that New Zealand’s optimal 
fluoridation level46 is most likely safe for New Zealand adolescents. However, the duration of 
living in a fluoridated area may also be important, and this was not assessed in the 2009 
NZOHS. It is also likely that additional exposure through other sources of fluoride plays a 
role in the occurrence of fluorosis in New Zealand. In the study population, the estimated 
prevalence of fluorosis did not differ by fluoride supplement use history, but it must be 
remembered that the 2009 NZOHS was cross-sectional in nature, so using a binary variable 
for such a history may not be sufficiently informative (the duration, regularity and age when 
supplements were used would be more so). As mentioned, residential area was not reported in 
the 2009 NZOHS, and licking/eating fluoride toothpaste was not assessed, so these putative 
risk indicators/markers could not be investigated. 
                                                
44 Dean’s Index score >1. 
45 Or in other sources such as bottled water—the major source of drinking water in the UAE (Abouleish 2016). 
46 In the parts of New Zealand that are fluoridated, the fluoridated water contains 0.7 to 1.0ppm fluoride. 
Ministry of Health (2016). Water fluoridation. Accessed at: http://www.health.govt.nz/our-work/preventative-
health-wellness/fluoride-and-oral-health/water-fluoridation on 7 May 2017. 
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Additional putative risk indicators/markers were identified in this study, but only two were 
statistically significant (in the younger-age population only)—whether toothpaste was used 
when cleaning, and whether an individual rinsed or just spat after brushing. Interestingly, mild 
fluorosis prevalence was greater in those who used toothpaste less frequently, and overall 
(unquestionable) fluorosis was less prevalent in those who just spat after brushing. These 
unexpected findings may have been due to the relatively low prevalence of mild or overall 
fluorosis on the whole, the cross-sectional nature of the study (behaviour at the time was not 
necessarily indicative of behaviour preceding the study period), or simply due to chance. Age 
is a putative risk marker that warrants special mention, in that fluorosis prevalence was lower 
in the older-age than the younger-age population. This difference is supported by a recent 
finding that very mild and mild fluorosis evident in childhood may diminish over time during 
adolescence (Do et al. 2016). Furthermore, in terms of the fluoride–related putative risk 
indicators/markers, their influence is applicable at the ages when amelogenesis is occurring, 
and,  on average, third molar crown formation is completed by early adolescence (Garn et al. 
1962). As such, the fluoride–related risk indicators/markers may be less important in the 
adolescent population than they are during childhood. 
 
Attempts at multivariable modelling for the dental fluorosis domain were unsuccessful, 
because the statistical software failed to process the data when applying survey–weighted 
commands. It is unknown whether this was due to the way the survey weights were 
calculated, the power of the study, or the distribution of the data itself. Furthermore, logistic 
regression models had very poor fit. As such, the putative risk indicators/markers for dental 
fluorosis in New Zealand adolescents remain putative, and more research is needed. 
 
5.4.5 Dental trauma 
The occurrence of dental trauma and the putative risk indicators/markers in the study 
population, and in the literature’s generalisable overseas studies and the other New Zealand 
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The estimated range for dental trauma prevalence in the study population was greater than the 
prevalence found in the other New Zealand study (York et al. 1978), and also greater than the 
prevalence ranges from most of the generalisable overseas studies (Table 5.5). It is important 
to note that the 2009 NZOHS used an arbitrary (and unvalidated) trauma measurement scale, 
and all of the other studies each used different trauma indices. Furthermore, each study 
included different sample age ranges. As such, accurate comparison of the findings is not 
possible but, in a broad sense (disregarding differences in the trauma definition 
extents/thresholds), the prevalence of (any) trauma can be compared. Accordingly, dental 
trauma prevalence in New Zealand adolescents can be said to have increased since the 
previous study, however that study was conducted forty years ago, in a sample of only 11- to 
13-year-olds and in one city only. In terms of global comparisons, the study population’s 
estimated dental trauma prevalence was considerably greater than that in adolescents in 
Malaysia, and greater than in UK adolescents. The younger-age population’s estimated dental 
trauma prevalence was greater than the pooled prevalence in adolescents in Brazil and the 
Dominican Republic, whereas the older-population’s estimated prevalence was about the 
same as the latter two countries’ pooled prevalence. These differences give some indication of 
the occurrence of dental trauma in adolescents around the world, but the differences in 
measurement indices used and age ranges studied, precludes any meaningful conclusions. 
More research with defined, validated and commonly used measurement indices is needed. 
 
The putative risk indicators/markers for dental trauma in the study population were mostly 
different from those identified in the literature—some were not influential in the study 
population, others were not assessed in the study population, and a few additional putative 
risk indicators/markers were evident. The younger-age population’s estimated dental trauma 
prevalence was greater than that in the older-age population (which might have been due to 
the use of an arbitrary measurement scale), but there were no intra-population differences by 
age. There were also no differences by dental caries experience, and, as mentioned in the 
literature review, there is no biologically plausible mechanism for an association between 
dental caries experience and dental trauma. Occlusion features such as overjet and adequacy 
of lip coverage were not assessed in the 2009 NZOHS, so these putative risk indicators could 
not be investigated. Sex as a putative risk marker warrants special mention because, unlike in 
the literature, the study population’s estimated overall dental trauma prevalence did not differ 
by sex. In the older-age population, however, none of the males had treated trauma, and none 
of the females had experienced avulsion/luxation (both differences were statistically 
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significant). However, the estimated overall prevalence of these two trauma categories was 
very low (less than 5%), so these findings might be limited in their validity. There were 
several other putative risk indicators/markers for avulsion/luxation, but again, there was a 
very low estimated prevalence of such trauma. 
 
Additional putative risk indicators/markers were identified, but only a few were statistically 
significant—proxy-reported history of dental trauma (in the younger-age population), self-
reported history of dental trauma (in the older-age population), and ethnicity. The estimated 
dental trauma prevalence was greater in each of the study’s sub-populations, when the 
respective report for the history of dental trauma was affirmative, which confirmed the 
validity of proxy and self report for a history of dental trauma. In the younger-age population, 
dental trauma prevalence was considerably lower in those who identified as Asian. This may 
have been due to cultural differences in the likelihood of engaging in trauma–related 
behaviours; however, the proportion who played contact sport and identified as Asian was 
lower in the older-age population only, so the dental trauma prevalence differences by 
ethnicity may need further investigation. Around half of the study population played contact 
sport, and just less than two-thirds of those wore a mouthguard for that sport. Even though 
adolescent mouthguard use is compulsory for some sports in New Zealand (such as New 
Zealand Domestic Rugby)47, the estimated prevalence of mouthguard use in the study 
population was similar to adolescents in Australia (Kroon et al. 2016). Mouthguard use was 
not a statistically significant risk indicator in the study population, and differences were seen 
only for the prevalence of treated trauma and of avulsion/luxation, but it remains a putative 
risk indicator nonetheless. More definite (and un-confounded) associations could not be 
investigated, because the 2009 NZOHS used an arbitrary trauma measurement scale, which 
precluded analysis using multivariable negative binomial regression modelling. Furthermore, 
logistic regression models had very poor fit. As such, more research into dental trauma in 
New Zealand adolescents is needed; preferably using a study design that allows standardised 




                                                
47 New Zealand Rugby Union (2011). New Zealand domestic safety law variations & Small Blacks laws. 




5.4.6 Dental anxiety 
The occurrence of dental anxiety and the putative risk indicators/markers in the study 
population, and in the literature’s generalisable overseas studies and the other New Zealand 





































































































































































































































































































































































































































































































































































































































































The estimated prevalence of dental anxiety in the older-age population was lower than that in 
the other New Zealand study (Locker et al. 2001), and this was also the case for the severity 
of dental anxiety. The other study assessed dental anxiety in adolescents 15 years old and in 
one city only, so comparison at a national level is not possible. Furthermore, as discussed in 
the literature review, there may be particular age peaks in dental anxiety prevalence. It could 
be that, in New Zealand adolescents, dental anxiety peaks at 15 years of age and then falls 
after that (up to 17 years of age), and so the prevalence was lower in the older-age population, 
which included 16- and 17-year-olds as well. The findings from the older-age population 
show that dental anxiety prevalence and severity were slightly greater in the 15-year-olds, but 
this was not statistically significant. The older-age population’s estimated dental anxiety 
prevalence was within the range found in the generalisable overseas studies (Table 5.6). 
Comparison of these findings is complicated by the use of a greater DAS threshold score for 
defining dental anxiety in the Lithuanian sample, and the use of a different and unvalidated 
measurement scale in the UK sample. Additionally, there were differences in the age ranges 
studied (the Lithuanian study did not include 17-year-olds, and the UK study only included 
12- and 15-year-olds). Disregarding these age/definition/measurement differences, a broad 
(and uncertain) conclusion is that dental anxiety was less prevalent in New Zealand 
adolescents than in adolescents in Lithuania, and it was within the prevalence range found in 
adolescents in the UK. The severity of dental anxiety was measured only in the study in 
Lithuania, whereby it was greater than that estimated in New Zealand adolescents. 
Understandably, there are marked cultural and societal differences between the latter two 
countries, and the various putative risk indicators/markers for dental anxiety are likely to 
present differently in each particular country. 
 
The putative risk indicators/markers for dental anxiety in the study population were somewhat 
similar to those identified in the literature; however, a few were not influential, others were 
not assessed, and a few additional putative risk indicators/markers were evident (but only 
some were statistically significant). As in the literature, dental anxiety in the older-age 
population differed by sex, ethnicity, and the recency of the previous dental visit—both 
prevalence and severity were slightly greater in females, and prevalence was considerably 
greater in those who identified as Māori, and in those who had not had a dental visit in the 
previous 12 months. As explained in the literature review, dental anxiety may lead to 
avoidance of dental care. The latter could maintain dental anxiety because an individual is not 
exposed to the dental environment or dental procedures that could facilitate habituation. It is 
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therefore not surprising to see a greater prevalence in those who had not had a recent dental 
visit, and so the ‘vicious cycle mechanism’ is likely to hold. Parental/family dental anxiety 
and general fear were not assessed in the 2009 NZOHS, so these could not be investigated. 
Previous dental treatment experience was not assessed as a specifically–defined question in 
the 2009 NZOHS older-age questionnaire48, and the other questions that mention previous 
dental treatment were too broad to allow recoding to a binary variable; therefore, it could not 
be investigated as a putative risk indicator in the older-age population. Recent oral discomfort 
and dental caries experience were assessed in the older-age population, but unlike in the 
literature, there were no differences by either factor. As an additional putative risk indicator in 
the older-age population, only self-perceived need for dental care was statistically significant, 
whereby dental anxiety prevalence was greater in those who had a self-perceived need. It may 
be that dentally–anxious adolescents are more aware of their oral health because of a 
preoccupation with, or a fixation on their dental fear, which again may perpetuate the ‘vicious 
cycle mechanism’, given that dental care is avoided/not sought. 
 
As for some of the other domains of interest, attempts at multivariable modelling for the 
dental anxiety domain were unsuccessful because the statistical software failed to process the 
data when applying survey–weighted commands. Additionally, logistic regression models had 
very poor fit. The current study’s findings do, however, propose several putative risk 




5.5 Recommendations for future research 
The preceding discussion has considered the strengths and weaknesses of the current study, 
and those of the 2009 NZOHS. The occurrence of (and the putative risk indicators/markers 
for) each of the domains of interest were also discussed. Arising from this, several 
recommendations for future research can be made in terms of the next/future NZOHS(s) or 
other adolescent oral health studies in New Zealand. 
 
                                                
48 (Recent) dental treatment experience was assessed in the younger-age sample, but dental anxiety was not 
assessed in the younger-age sample. 
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5.5.1 The next NZOHS 
At the time of writing, there is no indication of when the next NZOHS will be. However, the 
current study has highlighted several issues that could be addressed to help make the NZOHS 
more informative, particularly in terms of adolescent oral health. These include, the sample 
size, the sub-sample distinctions and age ranges, indicators/markers assessed and the 
particular measurement scales/indices used, and the depth of dental examination. 
 
As with any epidemiological study, sample size is influenced by several factors, namely the 
sampling design and frame, and the response rate/willingness of selected individuals to be 
involved in the study. If the next NZOHS is able to have a larger adolescent sample size, that 
should increase the statistical power of the survey. The 2009 NZOHS had two sub-samples 
that divided the adolescent age group. It is recommended that the next NZOHS have three 
sub-samples—separate child, adolescent, and adult samples, seeing as each age group 
represents unique characteristics in terms of oral health, but also in terms of eligibility for 
(and the particular service/scheme of) publicly–funded dental care in New Zealand. 
 
In the proposed adolescent sample (12 to 17 years of age), some of the investigated 
factors/markers should be changed. For periodontal disease, gingivitis (at least) should be 
assessed in all of the adolescents. This is in accordance with the recommendations of the 
WHO (1997), which do not, however, specify probing in those younger than 15 years old. 
Though, to allow comparison of, and conclusions about the whole adolescent group, pocket 
depth could be measured in those 12 years and older. Additionally, the use of the CPI as well 
as measuring the components of CAL49 would be more informative and allow for better 
comparison with other studies. There is a need for a greater understanding of dental fluorosis 
in New Zealand adolescents; however, research on other DDE (such as molar-incisor 
hypomineralisation) has been popular around the world (Jalevik 2010) and, ironically, in New 
Zealand—where the DDE Index was first tested (Suckling and Pearce 1984). As such, 
investigation of overall DDE could be informative, and the DDE Index would be a useful 
measurement tool. Dental fluorosis should, however, not be ignored. Other specific fluorosis 
indices (such as the TF Index) may be more descriptive, but Dean’s Index has commonly 
been used in other studies, so it should be used to allow for comparison. It would be 
                                                
49 Or collecting attachment loss information in such a way as to allow computation of CPI equivalents, as 
described by Haisman-Welsh and Thomson (2012). 
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worthwhile to include several of the literature’s other putative risk factors/markers as 
questions in the survey questionnaire, such as the duration of living in a fluoridated area, 
geographic residential area (urban vs. rural), the duration, regularity and age when fluoride 
supplements were used, and a history of licking/eating fluoride toothpaste. In terms of dental 
trauma, the use of a defined, validated and commonly used measurement index (such as the 
Andreasen or WHO Index) is recommended, to simplify objective measurement and 
comparison with other studies. Additional putative risk factors that could be investigated 
include overjet and adequacy of lip coverage. Dental anxiety should also be investigated in 
the whole adolescent age group, and the DAS could be an appropriate measurement scale, 
seeing as it has been commonly used in adolescent studies. Additional putative risk 
factors/markers could include parental/family dental anxiety, general fear and previous dental 
treatment experience (possibly categorised by type, such as restorative, oral surgery, or 
preventive). Finally, other sociodemographic characteristics could be considered, such as 
using parental occupation to measure SES (although as explained, this is not without its own 
shortcomings).  
 
In an ideal situation, it would be recommended that the dental examination process also 
include radiographic examination, but it is acknowledged that on an epidemiological scale, it 
would be impractical and would raise ethical concerns. Standardisation of the survey 
questionnaire and the dental examination process for the entire proposed adolescent sample is 
recommended. It could be that some questions are more relevant to either younger or older 
adolescents, but if so, gating of those questions could be an approach that still ensures that all 
aspects are assessed in the whole sample. 
 
5.5.2 Specific adolescent oral health studies in New Zealand 
Where the current study is concerned, a secondary analysis was practical in that the data were 
readily available. However, future research should ideally be specifically focused on 
adolescents and designed to explore the domains and issues that are particularly relevant to 
this age group. The use of other study designs could be appropriate, and future studies could 
include additional domains of interest, and explore the current study’s domains of interest 
further. The impact that the domains have on New Zealand adolescents could also be 
investigated. Apart from specific research studies, it could also be that data is collected in the 
publicly–funded services, such as the AOHS. 
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A prospective cohort study would be an ideal study design for investigating adolescent oral 
health. This could involve following a sample of adolescents at regular intervals throughout 
their adolescent years. Understandably, this would come at great logistical and financial cost, 
but it would allow for a more holistic assessment of adolescent oral health, and how it 
transitions from childhood, through adolescence and into adulthood. The value of cross-
sectional studies should not be overlooked, especially seeing as the information on adolescent 
oral health in New Zealand is still mostly limited, and the current study’s findings lack 
precision on the whole. 
 
In addition to the current study’s domains of interest, future New Zealand studies could 
include (or focus on) other domains such as dental erosion. The prevalence of dental erosion 
(mild erosion at least) has been found to range from 12 to 60% in adolescents overseas (Al-
Dlaigan et al. 2001b; Dugmore and Rock 2004; Hasselkvist et al. 2010; Margaritis et al. 
2011), and it may increase with age during adolescence (Dugmore and Rock 2003). Putative 
risk factors have been identified in adolescent samples, such as an acidic diet (Al-Dlaigan et 
al. 2001a), and carbonated soft drinks may be a particular at-risk item (Moazzez et al. 2000). 
The availability of the latter (particularly sugar–containing varieties) to adolescents in New 
Zealand has been a popular topic of conversation in recent times50. As such, dental erosion is 
an oral health domain worth investigating in the New Zealand adolescent population. Further 
exploration of the current study’s domains of interest is also warranted, taking into 
consideration recommendations such as those made for future NZOHSs. As discussed in the 
literature review, each of the current study’s domains of interest may have an impact on 
adolescent OHRQoL. Accordingly, it would be worthwhile to investigate the impact in New 
Zealand adolescents, where such information is limited. One study (Foster Page et al. 2013) 
has investigated the impact of dental caries, but found that psychosocial characteristics (rather 
than clinical characteristics) had a greater impact. More research is needed.  
 
Data collection on adolescent oral health in New Zealand does not necessarily have to be 
limited to specific research studies or national surveys. Data on the occurrence of dental 
caries in New Zealand children is already being routinely collected by the publicly–funded 
                                                
50 New Zealand Dental Association (2016). Consensus Statement - Sugary Drinks. Accessed at: 




COHS51. Thus, it could be stipulated that mandatory recording/assessment of epidemiological 
information is to occur routinely, if an adolescent’s oral healthcare is claimed for under the 
AOHS. This could, however, be met with resistance from AOHS providers (seeing as there 
would be an additional time cost), and would be dependent on adolescent service utilisation. 
Nonetheless, it is a possible additional avenue for data collection on New Zealand 
adolescents’ oral health. 
 
                                                
51 Ministry of Health (2017). Age 5 and Year 8 oral health data from the Community Oral Health Service. 
Accessed at: http://www.health.govt.nz/nz-health-statistics/health-statistics-and-data-sets/oral-health-data-and-
stats/age-5-and-year-8-oral-health-data-community-oral-health-service on 11 May 2017. 
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Chapter VI: Conclusions 
 
 
This study met its aims and objectives in that an in-depth secondary analysis of the 2009 
NZOHS data enabled description of the occurrence of several (pertinent) oral health-related 
domains in the New Zealand adolescent population. Oral hygiene was generally fair/good in 
the younger-age population. Just fewer than one-half to two-thirds of the overall population 
had dental caries, although the overall caries severity was low. The majority of the older-age 
population had gingivitis, but only around one in ten had noteworthy periodontitis. Dental 
fluorosis was relatively uncommon and was present in one-tenth to almost one-fifth. Around 
one-fifth to one-third of the population had experienced dental trauma. Only a few of the 
older-age population were dentally anxious. 
 
Several putative risk indicators/markers were identified for each of the domains of interest. 
All of those were, however, only putative, but they give some indication of the possible 
associations in the New Zealand adolescent population. They can be taken as starting points 
for further investigations. 
 
A secondary analysis was always going to be limited by the shortcomings of the preceding 
investigation (in this case, the 2009 NZOHS). The current study’s findings are valuable 
though, in that they add to knowledge of New Zealand adolescent oral health. The findings 
also informed recommendations that may improve the methodology and potential findings of 
future national oral health surveys and adolescent studies. It is acknowledged that the study 
had its own shortcomings (such as a lack of precision), and because of this, further 
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Appendix C: Stata DO files 
Stata DO files that contain the Stata syntax for all the statistical tests conducted during data 
analysis are attached as electronic PDF files on the Appendices computer disc in the back 
cover of this thesis. 
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Appendix D: DAGs 
The DAGs used when selecting variables for inclusion in multivariable regression modelling 
are attached as electronic PDF files on the Appendices computer disc in the back cover of this 
thesis. 
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